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The amount of damage done by hailstorms is difficult 
to estimate. Hail may fall on a young and tender 
growing crop and practically destroy it, but there is no 
si § of determining what the crop would have produced 
had the hailstorm not occurred. 

In recent years insurance against damage to farm 
crops is becoming quite common. Considerable amounts 
are paid each year in losses due to hailstorms. A study 
of the records of such companies perhaps furnishes one 
of the best means of determining the total extent of 
damage to farm crops. This method, in connection 
with reports from cooperative observers of the Weather 
Bureau and — to special requests sent to — 
masters and others in regions where hailstorms have 
been known to occur, was used in studying hail damage 
in Michigan during the years 1920 to 1923, inclusive. 

The Michigan Mutual Hail Insurance Co., composed 
of farmers in this State, insures govt hail damage to 
various crops, and the officials of this company were 
kind enough to give the Weather Bureau office at Lansing 
access to their records and also aid in estimating the 
total probable damage in certain storms, including that 
on farms which were not insured. The method used 
was to multiply the actual damages paid by a factor 
representing a ratio between the property insured in a 
section of county and the total area. This was — 
mented by estimates of damage received from the other 
sources mentioned. 

For example, if 5 per cent of the farms in a certain 
county were insured and the damages paid in a certain 
storm totaled $100, then the total damage was estimated 
at $2,000, unless an observer on the field estimated the 
damages to be much greater or less, when the figures 
were increased or decreased 

The method is open to considerable possible error, 
and yet it indicates in a general way the extent of damage. 
By this system, out of 601 storms reported in the four 
years, the total damages was estimated at $2,610,678, 
or $652,670 per year. By years the records are as 


follows: 
Number | Total 
Year of storms | damage 
200 | 1,011, 845 


July had by far the largest number of storms, and 
also the ag* amount of damage resulted during 
this month. Duras the four years there were 176 
storms recorded in July, with a total damage estimated 
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at $1,223,161. August came next, with 110 storms and 
$737,340 estimated damage. June follows, with 95 
storms and $435,733 damage. Next in order are Sep-— 
tember, May, April, and October. No storms were 
recorded between November 1 and March 31 in any of 
the four years. 

The distribution of hailstorms over the State each 
year for the three years combined is shown in Figures 
1-8. From these it will be noticed that: (1) Very few 
hailstorms are recorded north of a line from La e Huron, 
near Omer, Arenac County, westward to the Luke Michi- 
gan shore near Benzonia, in Benzie County, except the 
middle portion of the upper peninsula. (2) The number 
of hailstorms along the windward shore of the lower 
peninsula are remarkably small. (3) The area having 
the greatst number of storms extends in a southwest- 
northeast direction in the shape of a fan, with the extreme 
totals at some distance from take Michigan, across which 
the prevailing wind blows. This proves conclusively that 
the Lakes are effective agents in preventing the vertical 
circulation which produces hailstorms and tornadoes. It 
is —— the region of greatest Spgueey of tor- 
nadoes in Michigan is practically coincident with the 
area of greatest frequency of hailstorms. 

The paths of some hailstorms could be traced across 
two or three counties, but the width is usually not 
greater than one township. In some cases two or three 
storms, with parallel paths, evidently occurred about 
the same time. 

A detailed statement of the location, date, and extent 
of damage of each storm follows: 


HAILSTORMS IN MICHIGAN, 1920 
April 4.—Light hail reported near Kalamazoo, Kala- 


mazoo 
April 11.—Light hail reported near Saginaw, Saginaw 


April 29,_—Light hail occurred near Bloomingdale, 
Van Buren County; Allegan and Otsego, Allegan County; 
Saginaw, Saginaw County; Arbela, Tuscola County; 
Plainwell, Allegan County; St. Joseph, Berrien County; 
Hillsdale, Hillsdale County; Lansing, Ingham County; 
Monroe, Monroe County; Eloise, Wayne County; 
Luther, Lake County; Benzonia, Benzie County; Grand 
Rapids, Kent County; Iron Mountain, Iron County. 
No damage reported at any of these places. 

May 5.—Light hail reported near Humboldt, Mar- 
quette County. 

_ May 1 9—Light hailstorm near Marquette, Marquette 
County. 
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Apri 20.—Light hail reported near Iron River, oo 
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Fia. 1.—Hailstorms in April, 1920-1923, inclusive 
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Fic. 2—Hailstorms in May, 1920-1923, inclusive 
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Fic. 3.—Hailstorms in June, 1920-1923, inclusive 


Fic. 4.—Hailstorms in July, 1920-1923, inclusive 
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Fig. 5.—Hailstorms in August, 1920-1923, inclusive Fig. 7.—Hailstorms in October, 1920-1923, inclusive 
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Fig. 6.—Hailstorms in September, 1920-1923, inclusive Fic. 8.—Hailstorms April to October, 1920-1923, inclusive a 
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May 20.—Light hail reported near Humbolt, Mar- 
quette County. 

June 1.—Light hail reported near Ann Arbor, Wash- 
tenaw County. 

June ais in Almona Township, Van Buren 
County, with damage totaling about $2,000 Allegan 
County suffered considerable damage this date, as 
follows: Orange Township, $3,200; Manlius Township, 
$13,500; Clyde Township, $6,000; and Ganges Town- 
ship, $6,000. 

pe 7 a hail reported in Menominee, Meno- 
minee County; Marquette, Marquette County. Damage 
unknown. 

June 8.—Damage in Greenbush township, Clinton 
County, about $800; Marquette, Marquette County; 
damage not reported. 

June 9.—Hailstorm in Geneva Township, Van Buren 
County; damage, $1,800. 

June 10.—Light hail near Ewen, Ontonagon County. 
Light hailstorms in Washtenaw, Oakland, Calhoun and 
Van Buren Counties. Damage estimated as follows: 
Washtenaw County: 


Northfield Township 


850 
Oakland County: 

Calhoun County, Convis 250 
Van Buren County, Paw Paw and Lawrence townships--- 500 


June 14.—Light hail near Arbela, Tuscola County. 

June 15.—Light hail near Port Huron, St. Clair 
County. 

June 16.—Hailstorms in second tier of counties from 
Kalamazoo County eastward to Washtenaw. The 
damage by townships is estimated as follows: 


Kalamazoo County, Wakesma Township_____--.-__---- $2, 900 
Calhoun County: 


2, 750 

200 
Jackson County: 


Grass Lake Township 
Tompkins Township 
Summit Township 
Washtenaw County: 


Outside of this tier of counties scattered storms did 
damage as follows: 


Gladwin, County, Sage Township____._._....._....____- $800 
Genesee County, Thetford Township-_-._______..._._____- 400 
Oakland County, Lyon Township_.__._.___......______- 4, 000 


June 23.—Light hail occurred at Escanaba, Delta 
County; Iron River, Iron County. No damage reported. 
27.—Light hail reported near Iron Iron 

unty. 

July 1.—Hail reported near Iron River, Iron County. 

July 2.—Rather light hailstorms in Genesee, Lapeer, 
and Sanilac Counties. Damage in Genesee County, 
Flint and Clayton Townships, about $3,000; damage 
in Lapeer County, Lapeer and Burnside Townships. 
$2,500; damage in Sanilac County, Elk Township, $300, 

July 7.—Damage in Clinton County, Olive Township, 
about $2,000; damage in Macomb County, Washington 
Township, about $1,750; damage in Ionia County, Berlin 
Township, about $500; damage in Huron County, Sebawa- 
ing Township, about $600. 
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‘July 8.—Many hailstorms on this date, especially in 
the southeastern quarter of the State. The greatest 
damage occurred in Oakland and Lapeer Counties, but 
the damage was also heavy in some localities in other 
counties. A tabulation of estimated damages follows: 


Genesee County, Fenton, Clayton, Flint Townships--_--- $1, 675 
Livingston County, Tyrone Township---.--...------------ 2, 000 
Macomb County, Clinton Township.-_-...-..----------- 3, 000 
Oakland County, Orion, Novi Townships_---.--_.------ 35, 000 
Jackson County, Watertown, Waterloo, Leoni, Biack- 

Lapeer County, Elba, Almont, Hadley, Metemora, 

Saginaw County, Tittabawassee 
Calhoun County, Eckford, Fredonia, Morengo, Newton 

Branch County, Quincy, Butler, Coldwater Townships... 5, 875 
Ionia County, Portland, Berlin Townships_-_.____.._--_-- 6, 000 
Eaton County, Windsor, Chester Townships___________-- 1, 200 
Huron County, Paris Township_...................---- 500 
Washtenaw County, Sheron Township-_-_-_--......--__--- 2, 700 
St. Clair County, Berlin Township--_-___._.__..___-_---- 3, 600 
Wayne County, Northville Township___-_-.....___-__-_-- 2, 250 


July 11.—Light storm in Antwerp Township, Van 
Buren County; about $500. 

July 12.—Grand Marais, Alger County; damage not 
reported. 

July 16.—Considerable damage in Oakland and nae 
Counties. In Oakland County, Bloomfield and Novi 
Townships, the damage, mostly in latter, totaled about 
$25,000. Considerable damage in Wayne County, Plym- 
outh rare ee damage about $15,000. Slight damage 
also De Witt Township, Clinton County; about $250. 
Prot: 17.—Hail reported at Grand Haven, Ottawa 

unty. 

July 18.—Damage in St. Clair County, Emmett and 
Berlin Townships; about $1,900. Damage in Sanilac 
County, Marlette and Burnsides Townships, about 
$23,500. This was mostly in Marlette Township, the 
following sections being affected: 1, 2, 3, 4, 5, 6, 11, 33, 
34, 35, 36. Damage in Macomb County, Richmond 
and Armada Townships, $16,750; damage in Midland 
County, Ingersoll Township, $1,500. 

July 22.—Slight damage, Washington Township, 
Macomb County; $500. 

July 23.—Light hailstorm at Escanaba Township, 
Delta County. 

a 24.—Light hail reported near Luther, Lake 
unty. 

July 27.—Damage, Marlette Township, Sanilac County, 
about $1,000; damage Freemont Township, Tuscola 
County, about $350. 

July 28.—Light hail occurred near Sault Ste. Marie, 
County. 

y 29.—Heavy storm in Ogemaw County, Cum- 
mings and Klacking Townships, damage probably 
exceeded $25,000. Lighter damage Genesee County, 
Atlas and Grand Blane Townships; about $1,250; Lapeer 
County, Hadlay Township, about $850; Van Buren 
County, Covert Township, about $600. 

July 30.—Heavy hailstorm in Hamilton, Clare 
County, and Sage Township, Gladwin County. These 
two townships join each other, and the storm swept 
across the two oat west to east. The total damage 
poms exceeded $15,000, although very definite 

gures could not be obtained. 

August §.—Light storm, De Witt and Watertown 
Townships, Clinton County; damage about $1,000. 

August 6.—Hail damage occurred over many counties 
in the southern part of the State. Clinton County 
suffered a loss probably exceeding $20,000. The heaviest 
damage in this county was in Dallas Township, where 
it probably exceeded $7,500. Next in extent of damage 
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was Water Township, with about $4,000; Lebanon, 

with $3,500 or more; and the following in the order 

named, with decreasing amount of damage: Wacousta 

Olive, De Witt, Riley, Bengal, Westphalia, Victor, an 
ssex. 

The next county, in amount of damage, was Gratiot, 
where it probably exceeded $10,000, the following 
townships, in the order named, suffering most: Fulton, 
Northshade, Bethany, and Emmerson. 

The losses in Ingham County, mostly in Lansi 
Township, totaled about $9,500, a slight amount o 
which occurred in Meridian Township. 

Genesee County also suffered a loss of about $9,500, 
in Mundy and Grand Blanc Townships, the damage 
being slightly greater in the former. 

- In Macomb County a loss of $2,700 occurred, mostly 
in Ray and Armada Townships. 

The loss in Clare County, mostly Lyon Township, 
was estimated at $6,000. 

In Lapeer County the damage was about $8,500, in Al- 
mont and Goodland Townships; mostly the former. 

The total damage in ates 9 County was about $6,000, 
in Mattison, Sherwood, and Nobie Townships, the 
amounts decreasing in the order named. 

In Jackson County a total loss of about $1,600 was di- 
vided about equally between Tompkins and Springport 
Townships. 

The damage in Washtenaw County was about $3,300, 
mostly in Pittsfield township; some also in Scio Town- 


ship. 

o Eaton County, Delta Township, the damage was 
heavy, probably exceeding $8,000. Vight damage also 
hea in Eaton and Oneida Townships. 

Huron County had a loss of about $10,000, mostly in 
Sebewaing Township, but the damage was fairly heavy 
also in Fairhaven and Dwight Townships. 

About $6,500 damage resulted in Ionia County, mostly 
in North Plains Township, with lighter damage in Lyons 
Township. 

In re a County the total loss was probably about 
$8,000 mostly in Marshall Township; also some in Fre- 
donia and Leroy Townships. Slight damage in St. Clair 
County, Brockaway, not to exceed $750. 

Considerable damage in Gladwin County, Sage Town- 
$5,000. 

aginaw County, Jonesfield Township, had a loss of 
“ $4,500. Also Ewen, Ontonagon County, reported 
ail. 

August 7.—Damage in Fredonia and Marshall Town- 
ships, Calhoun County, about $2,200; Pittsfield Town- 
ship, Washtenaw County, $350; Columbia Township, 
Jackson County, $600. 

August 8.—Damage, Hamilton Township, Clare 
County, about $1,750; Fredonia Township, Calhoun 
County, about $850. 

August 9.—Heavy damage occured in several southern 
counties, including Berrien, Hillsdale, Kalamazoo, and 
St. Joseph. Lighter damage in several other counties. 
Damage tabulated as follows: 


Berrien County, Oronoca and Benton Townships, about 


Kalamazoo County, Texas Townships, about__-_-_- 25, 000-30, 000 
Hillsdale County, Woodbridge Township, about----_--_--- 25, 000 
Gratiot County, Elba Township, about--_....----------- 6, 000 
Ingham County, Delhi Township, about___........____-- 1, 000 
Huron County, Verona, Lincoln, and Sigal Townships, 

Eaton County, Welton, Bellvue, Winsor, Potterville, Benton 

Saginaw County, Rockville Township_-___.._.--_-------- 1, 200 
Calhoun County, Fredonia Township____.-....-.-------- 1, 000 
St. Joseph County, Sturgis Township................---- 6, 000 
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August 10.—Storm running from southwest to north- 
east, starting in Washtenaw, through portions of Li S- 
ton, Oakland, Macomb and St. Clair Counties, did 
considerable damage as follows: 
bag < County, Sylvan, Lodi, Lima, Scio Township, 

apou 
Livingston County, Handy, Hamburg, Hartland, Putnam 


Oakland County, Commerca, Milford, Bloomfield Town- 

Macomb County, Armada, Bruce Townships, about_-_-_-_. 2, 900 


St. Clair County, Mussey, Lynn, Berlin, Townships, about. 4, 000 


August 12.—Macomb County, Armada and Bruce 
Townships, damage about $5,000; Washtenaw County 
Northfield Township, about $4,000. 

August 13.—Oakland County, Waterford Township, 
damage about $10,000; Ionia Gounte, Boston Township, 
about $750; Genesee County, Clayton, Gaines, Mundy, 
Townships, $1,250; Eaton Shaner, Bellevue Township, 
about $600. 

August 14.—Washtenaw County, Dexter and Sylvan 
Townships, damage $1,250. 

August 15.—Ontonagon County, Victoria Township, 
damage not reported; Marquette County, Ishpeming 
Township, damage not reported; Luce lara, New- 
berry Township, damage not reported. 

August 18.—Washtenaw County, Webster Township, 
about $400. 

August 19.—Berrien County, Creneka Township, dam- 
age, $4,000. 

August 20.—Washtenaw County, Sylvan Township, 
damage, $650. 

August 27.—Clinton County.— Riley township, dam- 
age, $300. 

August 28.—Shiawassee County, Burns Township, 
damage, $1,000.; Livingston County, Howell Township, 
$1,600. 

September A County, Otsego Township, dam- 
age not reported; Lake County, Luther Township, dam- 
age not reported. 

September 11.—Huron County, Paris township, dam- 
age, about $3,500; Huron County, Bigham Township, 
damage about $500; Mecosta County, Sheridan Town- 
ship, damage about $1,750. 

12.—Clare County, Franklin Township, 
damage about $5,000. 

September 26.—Saginaw County, Bloomfield Township, 
damage about $1, 800; Huron County, Grand Township, 
damage about $500. 

September 28.—Marquette County, Marquette Town- 
ship, damage not reported. 

29.— iger County, Munisin 
damage not reported; Allegan County, 
ship, damage not reported. 

October §.—Huron County, Colfax Township, damage 
about $2,500. 

October 10.—Mason County, Ludington Township, 
damage unknown. 

October 11.—Gratiot County, Alma Township, damage 
not reported; Tuscola County, Arbela Township, damage 
not reported. 

October 13.—Houghton County, Houghton Township. 

October 28.—Alger County, Munising Township. 


Township, 
egan Town- 


HAILSTORMS IN MICHIGAN, YEAR 1921. 


April 9.—Hail was reported in Gratiot County, near 
Alma; damage not reported. 

April 16.—Hailstorms occurred in Allegan County, 
near Plainwell and Allegan; also in St. Clair County, 


near Port Huron; Tuscola County, near Arbella. 
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April 21.—Light hail was reported in Tuscola County, 
near Arbella; in Genesee County, Thetford and Forest 
Townships, damage slight, total estimated at $250; 
Tuscola County, Millington Township, slight damage; 
Saginaw County, Chesaning and Maple Grove Town- 
ships, considerable damage; total in county about $6,750. 

April 25.—Light hailstorms occurred in Allegan 
County, near Al om and Plainwell, and in Houghton 
County, near Houghton. 
woe 28.—Light fall of hail in Gratiot County, near 

ma. 

April 30.—A hailstorm occurred in Marquette County, 
Ishpeming. 

ay 3.—Hail was reported in Chippewa County, near 
Sault Ste. Marie. 

May 13.—Hailstorms occurred in Wayne County, near 
Detroit, and Luce County, near Newberry. 

May 21.—Light hail reported in Eaton County, with 
about $250 damage in Sunfield Township; also in Mar- 
quette County, near Humboldt. 

May 22.—Hailstorms occurred in Alpena County, near 
Alpena; losco County, near East Tawas; in Ontonagon 
County, near Victoria, and in Delta County, near 
Escanaba. 

May 23.—Falls of hail occurred in Allegan County near 
Allegan, Otsego, and Plainwell; in Saginaw County, near 
Saginaw; in St. Clair County, near Port Huron, and Iosco 
County, near East Tawas. 

May 24.—Hailstorms occurred in Calhoun, Eaton, Bay, 
and Saginaw Counties. Damages in Calhoun County, 
Sheridan Township, about $1,000; Bay County, Franken- 
muth Township, estimated damage $2,000; and in 
Kochville Township, Saginaw County, total damage 
about $400. 

May 25.—Hailstorms occurred in Saginaw County, 
near Saginaw; Washtenaw County, near Ann Arbor; 
Kalamazoo County, near Kalamazoo. 

May 27.—Heavy hailstorms in Ionia County, espe- 
cially in North Plains and Sebewa Townships, with esti- 
mated losses of $16,500. Hail was heavy also in Sunfield 
Township, Eaton County, with estimated damage of 
$3,300. In Branch County, near Coldwater, hail caused 
damages estimated at $1,250. In Columbia Township 
Jackson County, the damage was about $775. 

May 28.—Light hailstorms were reported in Wayne 
County, near Detroit: in St. Clair County, near Port 
Huron. 

May 30.—Hail was reported in Delta County, near 
Escanaba. 

June 3.—Light hail was reported in Allegan County, 
near Ganges. 

: June 5.—Light hailstorm, Denmark Township, Tuscola 
ounty. 

June 18.—Hailstorm in Mayfield Township, Lapeer 
County, with estimated damage of $3,500. In Flint 
and Clayton Townships, Genesee County, the damage 
from hail on this date was estimated at $5,300; also in 
Marquette County, near Ishpeming. 

June 20.—Slight damage in Ingham and Van Buren 
Counties, probably not to exceed $1,250. 

June 21.—Damage in Coe Township, Isabella County, 
about $2,500; in Jasper Township, Midland County, 
about $4,250; in Homer Township, Calhoun County, 
about $1,000; near Detroit, Wayne County, unknown. 

June 25.—Damage in Saline Township, Washtenaw 
County, about $350; in Adams Township, Hillsdale 
County, about $7,500; in Paw Paw Township, Van 
Buren County, about $6,500; in Bangor Township, Van 
Buren County, about $7,250. 
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June 26.—In Windsor Township, Eaton County, dam- 
age estimated at $2,825 occurred. In Benton Township, 

aton County, the damage was about $800. In Ingham 
County, Delhi Township, estimated damage $4,350; in 
Van Buren County, Antwerp and Paw Paw Townships, 
the damage was nearly $8,000; in Texas Township, 
Kalamazoo County, the damage was estimated at $7,000. 

July 2.—Slight damage in Texas Township, Kala- 
mazoo County. 

July 4.—Heavy hailstorms in Eaton Township, Eaton 
County, damages about $6,000, and in Eaton Rapids 
Township, Eaton County, about $1,000. 

July 5.—Several severe hailstorms this date. Greatest 
damage occurred in Genessee County, city of Flint, esti- 
oat at $50,000, by the postmaster, Flint, Mich. The 
width of path of this storm was estimated as 4 miles. The 
hailstones were one-fourth to one-half inch in diameter. 
The storm occurred about 4 p. m., and came from the 
northwest. Outside of Genessee County the next 

eatest damage on this date was in Paw Paw Township, 
Tan Buren County, estimated at $18,500. In Bloom- 
field Township, Saginaw County, the damage totaled 
about $14,000; Meridian Township, Ingham County, 
suffered about $2,500 from a hailstorm; Crystal Town- 
ship, Montcalm County, about $2,000; Hartland Town- 
ship, Livingston County, about $1,000, while lesser dam- 
age occurred in sections of Huron and Calhoun Counties, 
respectively, about $700 and $200. Also in Kent 
County, near Grand Rapids, damage slight. 

July 6.—On this date there were many and scattered 
hailstorms. The total damage was considerable, but 
the loss was not great in any one section. The damages 
might be tabulated as follows: 


Gratiot County, Seville and Arcola Townships, about... $2, 000 


Sanilac County, Maple Valley Township, about---------- 670 
Huron County, Sebawaing Township, about__-----_---- 4, 750 
Lapeer County, Goodland and Dryden Sr about__ 1, 250 
Saginaw County, Frankenmuth and Birch Run Townships, 

Oakland County, White Oak and Highland Townships, 


Eaton County, Eaton and Brookfield Townships, about... 1, 200 


Also in Luce County, near Newberry, damage not 
reported. 

July 7.—Heavy hailstorm in Mason County, Sheridan, 
Sherman, Branch, and Freesoil Townships. ‘‘ Hailstones 
size of walnuts; some nearly as large as small hen’s egg.” 
Width of path about 2 miles. Total damage must have 
been more than $25,000. Light hailstorm also near 
Eaton Rapids, this date; also in Alger County, near 
Munising. 

July 8.—Severe hailstorm in Sunfield and Roxand 
Townships, Eaton County. Over $50,000 damages esti- 
mated in these two townships. The damage was fully as 
great or even greater also in Woodland Township, Barry 
County, the three townships lying in a row running east 
and west. The storm was evidently about 3 miles in 
width, the path of greatest destruction being about 
12 miles long. No report available as to size of hail- 
stones. 

In addition to the storm mentioned, damage from hail 
occurred in several other counties on this date, as follows: 


Gratiot County, Bethany Township, about.___.______- $1, 509 
Saginaw County, Bloomfield Township, about____-- -- -- 800 
Genessee County, Clayton Township, about_-_-_--------- 4, 500 
Gladwin County: 
Second Township, about_................-------- 1, 600 
Gladwin and Grout Townships, about____-__------- 1, 900 


Clare County, Hamilton and Arthur Townships, about.. 13, 500 
Sanilac County, Minden Township, about_____-_------- 900 
Isabella County, Nottawa Township, about.._....----- 4, 250 
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July 9.—Tuscola County, Gilford Township, damage 
about $700. 

July 10.—Sanilac County, Lexington Township, dam- 
age about $650. 

July 13.—Isabella County, about $7,500, heaviest in 
Nottawa Township; lighter in Fremont, Rolland, Deer- 
field, Bloomfield, and Isabella Townships. Also in 
Chippewa County, near Sault Ste. Marie. 

July 14.—Scattered hailstorms in the central portion 
of the State; estimated damage as follows: 


Eaton County, Eaton Rapids Township-_-_-------------- $4, 500 
Isabella County, Nottawa, Fremont, Bloomfield Town- 

Branch County, Algansee Township_-__.__.__----------- 600 
Washtenaw County, Bridgewater Township_---_--------- 650 
Livingston County, Putnam Township-_----.------------ 3, 350 
Monroe County, Raisinville Township____-----.-------- 1, 500 


July 15.—Isabella County, Vernon Township, damage 
about $400. On this date very heavy and destructive 
hailstorm occurred in the northewépteln portion of Sag- 
inaw County, in Jonesfield, Richland, Lakefield, and Fre- 
mont Townships. The postmaster at Merrill, in Jones- 
field Township, reports that the storm was about 3 miles 
in width and 10 miles in length, extending from north to 
south. Hailstones were one-half inch in diameter, killing 
chickens, breaking windows, and destroying farm crops. 
The storm occurred at about 12:30p.m. The damage in 
the vicinity of Merrill he estimates at $60,000 to $75,000. 
The total damage of the entire storm probably exceeded 
$100,000 in Saginaw County, while farther north, in 
Mount Holey and Ingersoll Townships, Midland County, 
the damage was estimated at $68,500. Lighter storms 
on the same date occurred in Shiawassee County, Rush 
Township, damage about $5,000; Sage Township, Glad- 
win County, about $8,000, and light damage also in 
Marion Township, Sanilac County. 

July 18.—Hailstorm in Webster Township, Washtenaw 
County; damage about $1,500. 

July 26.—Hailstorm in Bloomfield and Sigel Town- 
ships, Huron County, with total estimated damage of 
$3,000. Very light damage reported this date also in Isa- 
bella, Clinton, and Sanilac Counties, with damage esti- 
mated at from $200 to $650 in individual counties. 

July 29.—Widespread hailstorms on this date. Most 
destructive in Tuscola and St. Clair Counties. In Tus- 
cola County the greatest damage occurred in Denmark, 
Junista, and Gifford Townships, probably exceeding 
$15,000 in each township. In St. Clair County the 
greatest damage was in Casco Township, where the dam- 
age was nearly $50,000. Damage elsewhere in the 
county was estimated as follows: Mussey Township, 
$3,350; Lynn Township, $3,000; China Township, 
$2,000; Cotterville Township, $1,500; Emmett Town- 
ship $2,800; Berlin Township, $1,000; Riley Township, 
$2,000; Ira Township, $3,600; and Wales Township, 
$5,250. On the same date, in New Haven Township, 
Shiawassee County, the damage from hail was about 
$4,000. In Long Rapids Township, Alpena County, esti- 
mated damage $1,500. Slight damage in Clayton and 
Flushing Townships, Genesee County, probably not ex- 
ceeding $600. In Burlington Township, Lapeer County, 
damage about $5,275. Hamilton Towaehies Clare 
County, about $6,200; Sage Township, Gladwin County, 
about $1,350; Lincoln Township, Berrien County, about 
$16,500; Merritt Township, Bay County, about $1,600. 
In Richmond Township, Macomb County, the storm was 
described as “very severe,” path about 34 miles wide; 
total damage about $9,000. 

July 30.—Another date with heavy hailstorms, prob- 
ably doing more than $100,000 damage in the State as a 
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whole. The county suffering the greatest damage was 
Clare (Hamilton and Arthur Townships), where the dam- 
ope was estimated $47,300. Berrien County had a loss 
of about $25,000 in Royalton and Lake Townships, 
mostly in the former. e loss in Genesee aggregated 
about $10,000, in Mundy, Gaines, Flushing, Seecan, 
and Flint Townships. The loss in St. Clair County, 
Casco, China, and Columbus Townships, totaled nearly 
$6,000; while in Gladwin County, Sage, Gladwin, Buck- 
eye, and Lutman Townships, the damage probably ex- 
ceeded $11,000. In Midland County damage to the 
extent of $5,250 occurred; also in Calhoun and Livingston 
Counties this date, probably not exceeding $750 in either 
county; also in Supper County, near Whitfish Point. 

July 31.—Light hail in Gladwin County, Nester Town- 
ship, damage about $750, and Calhoun County, Lee 
Township, about $200. 

August 5.—Light hail occurred in Houghton County, 
near Houghton. 

August 6.—Destructive hailstorm 4 miles north of Port 
Huron. Stones as large as golf balls. Path about 2 
miles long and 2 miles wide, total damage estimated at 
$25,000; Lapeer County, Townships of Imlay, Elba, 
Hadley, and Lapeer, damage about $2,500. 

August 13.—Moderately heavy hail in Lexington 
Township, Sanilac County, with damage estimated at 
$5,000, lighter damage in same county, Elk and Buel 
Townships, not over $1,600 damage in two. Light 
storms in Macomb, Ingham, Tuscola, and Shiawassee 
Counties, the damages in all probably being less than 
$5,000. 

August 17.—Destructive hailstorms in several coun- 
ties. Greatest damage in Barry County, Woodland 
Township, and lighter in Castelton and Barry Town- 
ships, with total for county near $50,000. In Eaton 
County the damage was about $17,500, with greatest 
damage, in order, in townships of Roxand, Oneida, and 
Sunfield. Washtenaw County suffered a loss of about 
$16,000, mostly in Webster, Scio, Northfield, and Lima 
Townships and lighter damage in Dexter, Ann Arbor, 
Pittsfield, and Sylvan Townships. 

August 18.—Hail damage in Woodland Township, 
Barry County, about $5,000. 

August 29.—Slight damage in Clare and Gladwin 
Counties, about $500 each. 

August 30.—Hail damage in Clare County about 
$25,000. About $17,500 of this was in Hamilton Town- 
ship. Shiawassee County damage about $1,500, in New 
Haven and Caledonia Townships, mostly the former. 

September 4.—Light hail occurred in Lake County, 
near Luther. 

September 20.—Hailstorms reported in Houghton 
County, near Houghton. 

September 29.—Hail was reported in Iron County, 
near Iron River; also in Union Township, Isabella 
County, damage about $7,500. 

September 30.—Light hailstorm in Grand _ Traverse 
County, near Fife Lake; Benzie County, near Benzonia; 
Branch County, near Coldwater; and in Alger County, 
near Munising. 

October 2.—Light hail reported in Delta County, near 
Escanaba. 

October 3.—Hailstorms occurred in Allegan County, 
near Otsego, Trowbridge, and Allegan; in Calhoun 
County, near Albion; Jackson County, near Jackson; 
Saginaw County, near Saginaw; Lake County, near 
Luther; Berrien County, near St. Joseph; Gratiot County, 
near Alma; Mason County, near Ludington; Shiawassee 
County, near Durand. 
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October 4.—Hailstorm was reported in Berrien County, 
near St. Joseph; also in Mason County, near Ludington. 

October 7.—Hailstorms were reported in Mason County, 
near Ludington; Benzie County, near Frankfort; in 
Ontonagon County, near Victoria; and in Allegan 
County, near Munising. 

October 8.—There were falls of hail over Berrien County, 
near St. Joseph; Washtenaw County, near Ann Arbor; 
Calhoun County near Battle Creek; Huron County, 
near Harbor Beach; Mason County, near Ludington. 

October 12.—Hailstorms were reported in Antrim 
County, near Old Mission; Calhoun County, near 
Albion; and Allegan County, near Plainwell and Otsego. 

October 17.—A hailstorm was reported in Ottawa 
County, near Grand Haven. 

October 22.—Light hail fell in Allegan County. 


HAILSTORMS IN MICHIGAN, 1922 


April 3.—Fine hail fell several times near Newberry, 
Luce County; no damage reported. 

April 7.—Hail fell near Sault Ste. Marie, Chippewa 
County; there was no damage. Also near Omer, er 
County. 

Apri 10.—Hail fell near Plainwell, Allegan County; 
no damage. 

April 11.—Hail was reported near Alma, Gratiot 
County; Bay City, Bay County; Big Rapids, Mecosta 
County; Newberry, Luce County. There was no dam- 
age as nothing had started to grow. 

April 16.—Hail fell near Wellston, Manistee County; 
no damage. 

April 17.—Falls of hail were reported near Alma, 
Gratiot County; Lansing, Ingham, Newberry, Luce 
County; and near Harbor Beach, in Huron County. 
At the latter locality the hail was very large, but the 
damage was nothing, as there were no growing things 
started. 

April 19.—Hail was reported near Otsego, Allegan 
County, and also near Plainwell in the same county. 

May 4.—Hail fell at Ludington, Mason County, with- 
out damage. 

mie, tent Oceana County, also in Huron County, 
near Ubly were visited by hailstorms; damage about 
$1,825. 

May 16.—Bloomingdale, Van Buren County; also 
Ironwood, Gogebic County, had falls of hail; there was 
no damage reported. 

May 17.—Victoria, Ontonagon County; no damage. 

May 1 Sten, hail at Battle Creek, Calhoun County, 
and at Plainwell, Allegan County; no damage. 

May 24.—Clinton County, near St. Johns and Fowler; 
damage $3,500. 

June 5.—Severe hailstorms visited an area bounded 
by Ionia Shiawassee, Oakland, Livingston, and Ingham 

unties, with damage estimated as follows: 


Shiawassee, near Shaftsburg..............------.-.-__- $6, 000 
Ingham, near Haslett and Lansing_-____._._-____---____ 1, 200 
Ionia, near Ionia, Lake Odessa, and Portland___________ 9, 500 
Livingston, near Fowlerville...................-----._- 2, 500 


June 8.—Light fall of hail reported from Wayne 
County, near Eloise. 

June 9.—Moderate to heavy falls of hail fell quite 
from Van Buren County northeastward through 

uron County, with damage estimated as follows: 


Huron County, near Harbor Beach, damage unknown. 


Allegan County, near Fennville and Allegan......_______ $2, 900 
Eaton County, near Eaton rapids...............----_-_ 12, 270 
Van Buren County, near Paw Paw........-.-.--.---_-- 500 
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Ingham County, near Mason...-.._....--------------- 5, 500 
Calhoun County, near Athens and Ceresco_.-..---------- 300 
Livingston County, near Fowlerville__---.--.....-------- 300 
Genesee County, near Flint and Flushing-------------- 5, 500 
Sanilac County, near Minden City.......------.------- 450 


Allegan County, near Allegan, damage unknown. 


June 10.—Shiawassee County, near Durand; damage 
unknown. 

June 11.—Bay county, near Bay City; damage un- 
known. 

June 16.—Severe and even violent thundersqualls 
accompanied by damaging falls of hail and with heavy 
downpours occurred from the southwestern corner of the 
State northeastward through Ogemaw and Sanilac 
Counties. The damage reported was as follows: 

Tonia County, near Pewamo and Lyons___..-._--.------ $7, 800 
Shiawassee County, near Shaftsburg, Henderson, and New 


Clinton County, near St. Johns, Westphalia, Eagle, Fowler 


’ 

Calhoun County, near Athens, Homer and Tekonsha-_---- 2, 000 
Lenawee County, near Morenci, cloudburst and fall of hail. 

St. Joseph County, near Golen and Sturgis.........-.--- 9, 000 
Ionia County, near Webber Dam, damage unknown. 

Sanilac County, near Sandusky____-..-..----.--------- 2, 750 
Manistee County, near Wellston, damage unknown. 

Ogemaw County, near West Branch.___.---.-.-.------- 13, 000 


Van Buren County, near Hartford, Lawrence and Decatur. 4, 500 


June 17.—Falls of hail were reported in Newaygo 
County, near Croton, and in Oceana County, near 
Hart; damage unknown. 

June 27.—Light to moderate falls of hail occurred over 
eg — portion of the Lower Peninsula, with damage 
as follows: 


Eaton County, near Eaton Rapids and Charlotte________- . $1, 400 
Calhoun County, near Battle Creek_._......_._--------- 200 
Gratiot County, near St. Louis................--------- 4, 000 
Isabella County, near Shepard.........._.._.-.--_----- 2, 000 
Ingham County, near Mason.........----.-----------.- 7, 150 


Van Buren County (territory unknown) ----.-.--....----- 


June 28.—There was a heavy fall of hail in Van Buren 
County, near Lawton and Paw Paw, damage $9,150. 

June 30.—Hail fell heavily in Sanilac County, near 
Sandusky and Deckerville, the damage being estimated 
at $25,000. A moderate fall in Clinton county, near 
Elsie, dam ge $1,700. 

J uly 3.—A heavy hailstorm occurred in Jackson county 
near Jackson, the damage being estimated at $12,000. 

July 7.—A light fall in Ingham, near Williamston, 
damage $700. 

July 8.—Light falls of hail; in Tuscola county, near 
Vassar, the damage being reckoned as $360; Sanilac 
County, near Crosswell, $340. 

rs 9.—A fall of hail occurred in Gogebic County, 
near Ironwood. No estimation of damage is known. 

July 10.—Light falls of hail were reported as follows: 
Sanilac county, near Sandusky, damage $630; Genesee 
County, in Grand Blane Township, $250. 

July 15.—A thunderstorm accompanied by hail was 
reported in Keweenaw County, near Eagle Harbor; 
damage unknown. 

July 16.—Light to heavy fall of hail in Manistee 
County, damage unknown; also on the same date as 
follows: 

Eaton County, near Dimondale, in Windsor Township... - 


Clinton County, near Dewitt 
Oceana County, in Elbridge Township 24, 050 


July 18.—In Kalkaska County, near Ivan; damage not 
reported. 

July 31.—Severe disturbances accompanied by light- 
pn dpe’ large hail, and winds of almost cyclonic force 
obtained over the southern counties of the lower penin- 
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sula. In Lenawee County, near Morenci and Adrian, hail 

as large or larger than hens’ eggs fell, doing heavy damage. 

In many counties the loss in crops was serious. A tornado 

anne near Rollin. The damage was estimated as 
ollows: 


St. Clair County, Marine City and St. Clair_......__-_-- $1, 600 
Clinton County, near St. Johns, Merle Beach, Bath, and 

Genesee County, near Davidson_-_....-.__..----------- 2, 400 
Jackson County, near Rives Junction and Grass Lake____ 19, 000 
Washtenaw County, near Manchester, Ann Arbor, and 

Lenawee County, near Adrian_.-.........-..-.-.------ 20, 000 
Saginaw County, near Hemlock. 600 
Shiawassee County, near Owosso____.____------------- 6, 500 


Wayne County, near Detroit, damage not reported. 


August 2.—Moderate falls of hail, with damage as 
follows: 


Clinton County, near St.Johns.-...................... 400 
Ingham County, near Lansing.............---..---...- 1, 000 


Wayne County, near Detroit, damage unknown. 
Delta County, near Escanaba, damage unknown. 

August 3.—Light to heavy fall of hail occurred over the 
central counties of the southern lower peninsula, with 
damage as follows: 


Ingham County, near Lansing-.---.------------------- $7, 500 
Arenac County, near Turner. 22, 500 
Oakland County, near Ocford._......-.-----.--------- 3, 000 
Livingston County, near Rushton_._____..-_----------- 10, 000 
Clinton County, near St. Johns, Dewitt, and Merle Beach. 4, 800 
Washtenaw County, near Whitmore Lake____._..------- 300 
Isabella County, near Rosebush__-._.....-.--.--------- 375 
Eaton County, near Vermontville_............--------- 110 
Calhoun County, near Albion. 180 


Near Albion it hailed for 30 minutes, with stones as large 
as one-half inch in diameter. Three different storms 
passed over during the afternoon. Ingham County, near 
Lansing, hail was reported but damage unknown. 

August 7.—Moderate and heavy falls of hail; damage 


estimated: 

Tuscola County, near Reese and Mayville__.__....___-- 9, 200 
Sanilac County, near Marlette and Lexington_-___.-___-- 10, 000 
Midland County, near Midland. 22, 500 
Saginaw County, near Saginaw and Hemlock________-__- 1, 000 
Calhoun County, near Albion. 250 
Washtenaw County, near Ann Arbor___...___-------_-- 1, 200 
Jackson County, near 7, 500 
Livingston County, near Rushton_.___.__.._....----__- 1, 000 


August 17.—Luce County, near Newberry; consider- 
able hail fell the size of large hazelnuts from 4 to 4:15 p. 
m.; damage unknown. 

August 24.—Grand Traverse County, near Fife Lake; 
damage unknown. 

September 1.—Light to very heavy and damaging falls 
of hail; the extreme south central part of the lower pen- 
insula was visited. 


Genesee County, near Clio and Mount Rose______-___-- $250 
Jackson County, near Springport----........---------- 5, 500 
Eaton County, near Eaton Rapids__....-______-_------ 820 
Calhoun County, near Albion. 2, 000 
Hillsdale County, near Osseo.................-..-.---- 750 
Ingham County, near Leslie and Mason________.___-__- 4, 500 
Cass County, near Marcellus_.....-.._..-.-.....-_---- 6, 000 
Van Buren County, near Mattawan, Paw Paw, Bangor, 


September 2.—Wayne County, near Detroit; no dam- 
age estimate. Van Buren County, near South Haven; 
no damage estimate. 

6,—Sanilac County, Sandusky; damage, 


MONTHLY WEATHER REVIEW 203 


September 7.—Livingston County, near Howell; dam- 
age, $3,000. 
September 8.—Oceana County, near Hart; no damage. 
September 9.—St. Clair County, near Port Huron; light 
fall of hail without loss. 
12.—Bay County, near Bay City; damage 
ght. 
October 23.—Saginaw County, Saginaw; damage slight. 


HAILSTORMS IN MICHIGAN, 1923 


April 21.—Light hail fell near Alma, in Gratiot County, 


and Albion, in Calhoun County; at the latter place the . 


time was from 2:10 p. m. to 2:25 Pp. m. There was no 
damage to crops, as nothing had been planted because 
of the backward season. 

May 10.—Light hail fell near Saranac, Ionia County; 
no damage reported. 

May 12.—There was a hailstorm near Saranac, in 
Ionia County; no damage reported. : 

May 19.—Falls of hail occurred at Otsego, Plainwell, 
and Trowbridge, in Allegan County; no estimate of 
damage was given. Heavy falls of hail visited several 
other counties, with damage as follows: 


Gratiot County, in Pine River Township________._.____- $500 
Midland County, in Jasper Township_________--_______- 2, 500 
Isabella County, in Coe Township 


May 20.—Light hail fell near Saranac, Ionia County; 
also near Big Rapids, Mecosta County; no damage 
reported. 

June 2.—Light falls of hail fell in Dwight and Lincoln 
Townships, Huron County, with damage estimated at 
$670. 

June 5.—There were light hailstorms in Bengal 
Township, Clinton County; damage about $40. Also 
nee Ann Arbor, in Ann Arbor Township, Washtenaw 

ounty. 

Tone 6.—Moderate and heavy hailstorms occurred in 
two counties: Texas Township, in Kalamazoo County; 
damage $1,000; Raisinville, in Monroe County, damage 
$8,750. 

June 7.—A serious hailstorm swept over Texas Town- 
ship, Kalamazoo County, damage $8,550; Antwerp 
Township, in Van Buren County, $750. 

June 13.—Very light hailstorm in Westphalia Town- 
ship, Clinton County; damage $60. 

5 oH 14.—Light to moderate falls of hail occurred as 
follows: Broomfield Township, Isabella County, damage 
$575; Novi Township, Oakland County, $3,300. 

June 20.—Light hailstorm in Watertown, Tuscola 
County, with re estimated at $100. 

June 21.—Light fall of hail near Fife Lake, in Homes 
Township, Grand Traverse County; no damage reported. 
In Gilford Tuscola damage $900; 
Dewitt and Olive Townships, Clinton County, $400. 
Light falls of hail also occurred near Alpha. ) 

June 22.—Severe hailstorm swept Ionia County, 
with damage estimated as follows: Berlin Township, 
$9,408; Sylvan Township, $5,400 

June 23.—Moderate falls of hail fell over Ionia County, 
Sebewa Township, damage, $300; Campbell Township, 
$1,224. 

June 30.—Near Newberry, in Pentland Township, 
Luce County, hailstones from one-quarter to three- 
quarters of an inch in diameter fell and remained on the 
on for several hours. There was little apparent 

amage to crops. 
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July 2.—Light to serious hailstorms occurred from 
the southwest counties northeastward to Lake Huron, 
with damage estimated as follows: 


Fraser Townslip, Bay $1, 650 
Garfield Township, Bay County 2, 046 
Piconning Township, Bay County___._._..------------ 825 
Ingersol Township, Midland County__-__-------------- 750 
Paris Township, Huron County__--....__-...---------- 37, 890 
Bingham Township, Huron County 170 
Bloomfield Township, Huron County_______------------ 700 
Chandler Township, Huron County__._..--.--.-------- 100 
Verona and Meade Townships, Huron County----_--_---- 925 
Union Township, Branch County-_-__-.--.-------------- 12, 600 
Waterford and Bloomfield Townships, Oakland County__ 4, 356 
White Lake Township, Oakland County_______.__-_---- 330 
Avon Township, Oakland County_.____-.-.---.-----.-- 1, 485 
Denmark Township, Oakland County~_-_.-_.__--------- 24, 200 
Wheatland, Argyle, Custer, Lamotte, and Mariette Town- 

suins, Sanilac County... ........ 2, 130 
Rives Township, Jackson County__........-.---------- 210 
Leslie Township, Ingham County____._---------------- 325 
Odessa Township, Ionia County 2, 340 
Burlington Township, Calhoun County____-..-_--__---- 581 
Grand Blane Township, Genesee County____________-__- 50 
Fenton Township, Genesee County__________._.__-_---- 369 
Northfield Township, Livingston County-_---..-..__---- 825 


July 3.—¥Falls of hail were reported near Harrisville, 
in Harrisville Township, Alcona County, and Iron 
Mountain, in Breitung Township, Dickinson County; 
the damage was not given. Light hailstorms were also 
reported in two other counties, with damage estimated 
as follows: 


Grout Township, Gladwin County__-._..-.----__-____-- $480 
Paris Township, Huron County-_-._._....-..-...-..----- 1, 260 
Bingham Township, Huron County_.-.-.-.----------_- 150 


July 5.—Light to moderate visitations of hailstorms 
occurred, with estimated damage as follows: 


Genesee Township, Genesee County___-_-.-._--------_- $50 
Denmark Township, Genesee County___-_--_----_----- 100 
Lincoln Township, Isabella County -__---..---.--------- 5, 250 


Severe hailstorm swept over Clinton County; estimated 
damage, Bengal Township, Clinton County, $10,080. 

July 6.—Light falls of Nail over two counties; damage 
estimated: 


Clayton Township, Shiawassee County--_--------------- $400. 00 
Fawn River Township, St. Joseph County_-___________- 400. 00 
Munday and Gaines Townships, Genesee County________ 252. 50 
Clayton Township, Genesee County ___--_----.----_---- 225. 00 
Leslie Township, Ingham County__.....-.-.------.-_-- 260. 00 


July 7—Light hailstorms occurred over Genesee 
County; damage, Munday and Gaines Townships, 
Genesee County, $675. 

July 9.—Light hailstorm over one county, with damage 
estimated, Northfield Township, Livingston County, 
$825. 

July 10.— Moderate to severe hailstorms, with tracks 
sweeping eastward or northeastward in the central 
portion of the southern counties, with damage estimated 
as follows: 


Sebewa and Danby Townships, Ionia County_-__________ $3, 180 
Keene Townships, Ionia County____.-..------------_-- 180 
Riley and Westphalia Townships, Ionia County________- 4, 880 
Bengal Township, Ionia County_-_......-.-.-..------- 300 
Northfield Township, Ionia County_-._....--.-----.-_. 12, 670 
Green Oak Township, Ionia County._---.---------.--_- 640 


July 11.—A fall of hail was reported near Alma, in 
Tg Township, Gartiot County; damage and intensity 
shght. 

July 14.—Light to moderate fall of hail occurred 
over four counties; the paths moved northeastward; 
damage estimated: 


Hayes Township, Clare County__..__.-.-_-...--..-... $3, 050 
Macomb Township, Clare County_._.__._._-_-_--._.__- 1, 020 
Quincy Township, Branch County. 420 
Allan Township, Hillsdale County_._........_.......-- 500 


Aprin, 1924 


July 29.—Hail was reported near Escanaba in Ford 
Township, Delta County; the damage was negligible. 
July 30.—A local hailstorm occurred near and in 
Alpena, in Sanborn Township, Alpena County, from 
12:41 p. m. to 12:50 p. m., with stones measuring from a 
uarter to three-eighths of an inch in diameter; the 
amage was small and over a little area. 
August 7.—A severe hailstorm swept over Washtenaw 
County: 


Lima Township, Washtenaw County_-__-_-.--.------.-- $5, 200 
Lyndon Township, Washtenaw County__.-...-.-.------ 4, 000 
Sylvan Township, Washtenaw County-___-_--__-------- 2, 000 


August 18.—The severest hailstorm of the year oc- 
curred over the east-central — of the lower penin- 


sula, the paths of the various disturbances traveling north- 
eastward; damage as follows: 


Coe and Chippewa Townships, Isabella County -------- $10, 812 
Lincoln Township, Isabella County 50, 031 
Fremont and Deerfield Townships, Isabella County -_--- 20, 744 
Deerfield and Broomfield Townships, Isabella County... 1, 625 
Lake Township, Isabella County----.-.---.---------- 1, 500 
Paris Township, Isabella County____-_-.-_----------- 1, 900 
Hume and Meade Townships, Isabella County 27, 475 


The disturbances over the following counties were 
much lighter: 


Orange Township, Ionia County $2, 100 
Forester Township, Sanilac County_-____-_--.--------- 350 
Maple Valley, Sanilac County____...-....--.-------.. 100 
Marion Township, Sanilac County____.._....__-------- 320 
Munday and Gaines Townships, Genesee County_----.-- 50 


August 27.—A light hailstorm occurred near Allegan, 
in Allegan Township, Allegan County; damage not es- 
timated. Also in Lincoln Township, Isabella County, 
$2,875. 

August 28.—A moderate fall of hail visited one county; 
damage, Wakeshma ‘Township, Kalamazoo County, 
$3,400. 

August 29.—Light to moderate hailstorms, with esti- 
mated damage: 


Athens Township, Calhoun County__........----.-----. 1, 883 
Newton Township, Calhoun County_.____...._-.------ 574 
Burns Township, Shiawassee County_.....-._-_-----__- 400 
Wakeshma Township, Kalamazoo 2, 480 
Argentine Township, Genesee County_.-.._....._.---._- 125 
Genesee Township, Genesee County______._.._.---_--- 65 
Nove Township, Oakland County___..._.-.----.------ 10, 230 
Bedford Township, Monroe County_-__---------------- 2,5 

LaSalle Township, Monroe County_________.____.---_- 700 
Ida and LaSalle Townships, Monroe County___.______-- 1, 310 
Ida and Bedford Townships, Monroe County_._-__--_-- 1, 500 
Ida Township, Monroe County-_-____..-.-------------- 14, 465 
Erie Township, Monroe County_--.______-_.-------_-- 2, 250 
Attica and Lapeer Townships, Lapeer County-_-..__---- 900 
Lake Township, Huron County__..........-..-------- 500 


In Monroe County the damage was severe. The 
tracks moved northeastward or eastward. 

September 1. —A light hailstorm visited Conway 
Township, Livingston Tounian with an estimated dam- 
age of $693. 

September 12.—Hailstorms were quite prevalent over 
the upper peninsula and northern counties of the lower 
peninsula, but either crops were out of danger or the 
damage was very light. No damage was reported in 
any cases on this date. The localities were as follows: 
Near Deer Park, in McMillan Township, Luce County; 
near Hart Township, Oceana County, also Charlevoix 
County; near Grand Marais, in Burt Township, Alger 
County; Humboldt, in Humboldt Township, Marquette 
County; near Iron River, in Iron River Township, 
Iron County; near Munising, in Munising Township, 
Alger County; near Powers, in Spaulding Township, 
Menominee County; near Sidnaw, in Duncan Town- 
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ship, Houghton age near St. Ignace, in Moran 
Township, Mackinac unty; near St. James, in St. 
James Township, Charlevoix County; near Escanaba, in 
Escanaba Township, Delta County; near Houghton, 
in Houghton Township, Houghton County. No damage 
reported at any of these places. 

September 13.—Hail occurred near Alpena, in Sanborn 
Township, Alpena County; near Benzonia, in Benzonia 
Township, Benzie County; near Frankfort, in Frank- 
fort Township; near Munising, in Munising Township, 
Alger County; damage not reported. In Old Mission, 
Grand Traverse county; Sheridan Township, Huron 
County, damage $450. 

September 14.—Hail was reported near Omer, in Arenac 
Township, Arenac County. 


HEAVY HAILSTORM AND LOCAL SQUALL AT NEW OR- 
LEANS, LA., WITH A SUMMARY OF THE PREVIOUS 
RECORDS OF HAIL 


By R. A. Dyke, Meteorologist 
* [Weather Bureau Office, New Orleans, La., April 20, 1924] 


A thunderstorm passed over New Orleans, La., on 
April 17, 1924, attended by a violent wind squall and a 
remarkable heavy fall of hail, which has led to an exami- 
nation of the record of hail at this station. 

Hail has fallen in New Orleans or its immediate vicinity 
about once a year, on the average. About 70 per cent 
of the occurrences of hail have been during the five- 
month period, March to July; January and February 
contribute 20 per cent, leaving 10 per cent equally divided 
among the remaining months except October, which has 
thus far no recorded occurrence of hail at New Orleans. 
The period of most frequent thunderstorms, embracing 
the summer months, is not the time of most frequent oc- 
currence of hail in this locality. A total of 13 hailstorms 
has been recorded for the five months, May to September, 
while 18 have been recorded in March—April. 

No hailstorms have been recorded at New Orleans for 
the morning hours between 4 and 8 o’clock, this being 
the time of day least favorable for the occurrence of thun- 
derstorms. The apparent explanation for this fact is that 
cooling of the air nearest the ground at night opposes up- 
ward convection, so that traveling convective storms, 
which usually develop several hours earlier, generally ex- 
heust their energy before early morning; and thunder- 
storms can not usually build up to any great height under 
the conditions prevailing from 4 a.m. to8a.m. It requires 
a well-developed thunderstorm to produce a fall of hail. 
It is interesting to note that 60 per cent of the recorded 
occurrences of hail in this locality have been between noon 
and 7 p.m. and 40 per cent from 7 p.m. to4a.m. A few 
occurrences of light hail were probably overlooked at 
night because comparatively few people are awake during 
certain hours, but in a large city the percentages given 
could not be much in error from this cause. Only a 
few of the recorded hailstorms were heavy and damaging, 
and these occurred late in the afternoon or early in the 
es and during the spring months. 

revious to the recent storm, the heaviest falls of hail in 
New Orleans occurred on April 16, 1879, and March 17, 
1904; but these were far less heavy and damaging than 
the hail of April 17, 1924. 

In the evening of April 17, 1924, an hour previous to the 
storm a narrow and rather shallow trough of low pressure 
Was passing the station, with barometer reading of 29.81 
inches, sea level, at New Orleans at 7 p.m. The tem- 
perature difference in the front and rear of this trough 
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was slight at the earth’s surface; the thermograph trace 
shows a fall of only 5° F. from before the storm to about 
an hour after. At the Weather Bureau office, which is 
near the southern limit of the path of hail, there was less 
indication of disturbed pressure conditions than is regis- 
tered with many mild thunderstorms. ‘The pressure rose 
at a moderate rate and apparently continuously, with 
only a very slight increase in the rate of rise at the time 
of the storm. Thunder and lightning of a mild character 
occurred in the neighborhood of the office. The maxi- 
mum recorded wind velocity was 18 miles an hour at 8:15 
p.m. to 8:20 p.m. and scattering hail fell from 8:10 p. m. 
to 8:15 p. m., the hailstones being 2 inches in diameter or 
somewhat larger. 

The path of the hail was about 6 miles wide and 25 
miles long. Hail began just east of Kenner, La., shortly 
before 8 p. m. and passed rapidly eastward as far as 
Chef Menteur, lasting not more than 5 to 10 minutes at 
the various places 7 hee the path. The entire city of 
New Orleans, except the extreme southern portion where 
the river bends to the south, was in the path of the hail, 
and numerous reports were received of the hailstones 
fully 3 inches in diameter. In a few places the hail on 
the ground was reported to be 4 inches deep, impeding 
the advance of an automobile at North Broad and St. 
Bernard Streets. Many buildings have a spotted ap- 
pete on the west side, showing where the paint was 

nocked off. Damage of about $7,000 was done to glass 
and plants of florists and in gardens. Other damages, 
difficult to estimate, resulted from broken windows in 
dwellings and other buildings; but the path of such 
— was considerably smaller than the path of the 
ail. 

The central part of the front of the thunderstrom was 
marked by a wind squall from the west-northwest, which 
reached almost tornadic force in the extreme western 
portion of the city and the adjoining suburbs near the 
upper protection levee. Numerous small houses were 
moved from their foundations, and several lightly built 
houses were scattered and destroyed. The roofs of 
many other houses were damaged, giving entrance to 
heavy rain, which increased the damage. The total 
losses from wind and rain may be conservatively esti- 
mated at $100,000. 

The most serious injury reported was a fractures leg, - 
suffered by a woman in a house which was blown to 
pieces. Lesser injuries, due to wind or hail, occurred to 
about 50 other persons. ‘To persons who viewed the 
wreckage, it appeared remarkable that there were no 
deaths or no worse injuries than occurred. 


SEVERE HAILSTORM AT CORPUS CHRISTI, TEX.! 


The most severe hailstorm that has visited the im- 
mediate vivinity of Corpus Christi occurred between 
1:10 and 2 a.m., May 10. Hail, averaging a half inch in 
diameter, fell nearly continuously for almost an hour, 
associated with strong north winds, vivid lightning, and 
torrential rainfall (1.65 inches in 38 minutes). 

The greatest damage was sustained in Corpus Christi; 
one greenhouse was completely destroyed, as if riddled 
by buckshot; dwelling houses on Nueces Bay Heights 
suffered loss and damage through breaking of windows 
and flooding of the interior by the rain. The total loss 
from the storm is estimated at $15,000. 

The path of the storm was a mile wide and 6 miles 
long. The intensity of the storm decreased very much 
as 1t moved west of Nueces Bay Heights. 


1 Condensed from a report by J. P. McAufiffe, Meteorologist. 
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HAILSTONES OBSERVED AT BUDAPEST JULY 13, 1922 
By A. 


On July 13, 1922, toward clouds 
proached quickly from the NW. iving above the 
town, thick hail and rain showers poured down, accom- 
panied by weak thunder. The hailstones soon covered 
the flower stand before the window, and pay of them 
could be gathered. The quantity of precipitation 
during the thunderstorm amounted to 5.6 mm. (0.2 inch) 
and according to the records of the ombrograph the rain 
lasted 10 minutes. 

The hailstones were of diverse shape; some of them 
had a substantially spherical structure, others had, besides 
the spherical shelled feature, also a radial structure. All 
were soft and light, and when falling to the ground they 

ot flattened; many of the hailstones had a pronged 
ae and some of them had protrusions of the length 
of 6to8mm. I made sketches from some of the selected 
hailstones and Mr. Tihamér Kuharszky had the kindness 
to draw (according to my instructions) the accompanying 
figures which show the hailstones in natural size, Some 
of them remind us of those which we observed in O Gyalla 
on April 26, 1903 (Hann: Lehrbuch der Meteorologie III 
edition, p. 709). 

From the five hailstones selected seven drawings 
appear on the accompanying plate (fig. 1), to which 
I beg to make the following observations: 

1. A larger haiistone, which has a larger air bubble at 
its center and many minor air bubbles around it. This 
hailstone was composed of two very sharply limited 

arts: An exterior part, clean white, and the inner part 
built up of spherical shells which surrounds the kernel 
containing the air bubble. 

2. A hailstone of very pronged border, some of the 
protruding parts were of 4-5 mm. length. The inner 
white kernel, opaque and milk colored, was surrounded 
by an exterior water-clear ice layer. 

3. A larger inner kernel, white and opaque, filled with 
small air g tice ; the exterior transparent shell has a 
very fine radial structure. 

4. Formless hailstone filled with small air bubbles and 
bearing several pd protruding parts. In the central 
part an opaque, milk-colored kernel. 

5. This is the most fantastically shaped hailstone of 
all. Figure a shows the side view; we see here protrud- 
ing horns, which acquire the length of 7 mm. on the right 
side, a length of 4 mm. and a breadth of 3-4 mm. on the 
left side. The interior part is of a spherical shelled 
structure, the innermost shell surrounding the kernel is 
distinctly radial and white, the outer part is transparent 
and feebly radial. The kernel is clear white. Figure } 
is the same hailstone as seen from above. Figure c is the 
cross section of the hailstone. The kernel is surrounded 
by a transparent ice shell, embraced by a milk-colored 
shell, which is surrounded b opaque ice. This hailstone 
was thus composed of four layers which could be sharply 
distinguished. 


TORNADOES FROM ARKANSAS TO VIRGINIA, APRIL 
29-30, 1924 


By Hersert C. Hunter 
[Weather Bureau, Washington, D. C., June 2, 1924] 


The most notable group of tornadoes in the United 
States for some years occurred within a period of about 
26 hours, late in April, in the Southern and Southeastern 
States. The low-pressure area concerned was the one 
which is designated XI A in the chart of tracks of 
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cyclones in this issue. The center of the Low was near 

ichita, Kans., on the morning of Tuesday, the 29th, 
with minimum readi 29.44 inches; north of Little 
Rock, Ark., 12 hours later, with reading 29.46 inches; 
near Louisville, Ky., on the mnerneng of the 30th, reading 
29.38 inches; aoe southeast of Pittsburgh, Pa., the 
evening of the 30th, with reading 29.34 inches. (All 
pressure readings are reduced to sea level.) 

The hours of occurrence were from 2:30 p. m., 90th 
meridian time, of the 29th, to 5:30 p. m., 75th meridian 
time, of the 30th. It is thought there were 21 distinct 
tornadoes, in numbers by the States in which they 
originated, thus: Arkansas, 1; Louisiana, 2; Alabama, 5; 
Georgia, 8; South Carolina, 1; North Carolina, 2; Vir- 
ginia, 2. One storm starting in Alabama continued into 
west-central Georgia, and another of great importance 
from northeastern Georgia followed a long path across 
northern South Carolina. 

There is considerable possibility of two other tornadoes, 
in Georgia and South Carolina, respectively. As usual 
in the southeastern quadrants of well-developed Lows, 
there were many thunderstorm gusts and hailstorms not 
far distant from the tornadoes. 

The three tornadoes of the afternoon of the 29th were 
nearly in a north-south line; but the first one, in south- 
western Arkansas, was slightly farther to the west than 
the others. The times of the northern and the southern 
were 2:30 p. m. and 6:30 p. m., respectively; the places 
of the three, a little north of Texarkana, Ark., Crichton, 
La., and Many, La.; the intervals, in miles, from north 
to middle, about 100, and from middle to south, 40. 
The Texarkana tornado advanced northeastward, but 
the Many one to eastward; the tracks were narrow, 
except for the Many storm, the path of which varied from 
a quarter mile to a half mile in width, and was a few 
miles long. ‘The Texarkana and Many storms caused one 
death each, and in all three cases there were people 
injured and buildings wrecked, the property loss being 
greatest at Many. 

The office at Shreveport is between Texarkana and 
Crichton, considerably nearer the latter. The strongest 
wind of both day and month occurred there shortl 
before noon, the lowest barometer of both day and mont 
at 3:40 p. m., and there was a brief thunderstorm, not 
especially notable, with hardest rain very close to 4 p. m. 

After an interval of about eight hours tornado activity 
was resumed almost 400 miles to eastward of Many. 
Autaugaville, Autauga County, is in central Alabama, 
and here the storm occurred at 2:45 a. m. of the 30th; 
the damage amounted to $30,000 and two persons were 
slightly hurt. It may have been this same tornado which 
struck a locality 90 miles distant, in direction from 
Autaugaville between northeast and east-northeast, at 
4:30 a. m., but it seems better to count this later occur- 
rence as a distinct storm. The locality is near the north- 
ern edge of Chambers County, between Welsh and 
Roanoke, not far from the Georgia border, but the 
tornado separen sy did not even reach the State line. 
This locality suffered one death, several injuries, and 
damage of fully $25,000. 

Soon after the tornado passed near Welsh, two new 
tornadoes formed well to the southward of a line joining 
Autaugaville and Welsh. The more western was at 
Greenville, Butler County, at 4:50, and what was pro- 
bably the same storm was 50 miles to northeastward, In 
northwestern Bullock County, an hour later, and in 
southeastern Macon County at 6:30. Great property 
loss and 8 deaths resulted from this tornado, which was 
about 40 miles distant from Autaugaville at a time 150 
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Fic. 1.—Hailstones observed at Budapest, July 13, 1922 
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minutes later than the earlier tornado at that place. 
The more eastern of the new tornadoes was 25 miles 
distant when nearest Welsh and about 50 minutes later 
(5:20 a. m.); this tornado had formed about 5, in southern 
Lee County, and is probably the storm which struck 
Chipley, Ga., and Warm Springs, Ga. The times re- 

orted are 6:15 at Warm Springs and 8:30 at Chipley; 

ut the latter is thought to be in error, otherwise there 
would seem to Has Bean a later tornado, probably of 
short path, practically on the path of a long, earlier 
storm. The Lee County to Warm Springs storm moved 
nearly 50 miles northeastward; 15 deaths resulted, 11 of 
them in ay 

The final Alabama tornado was reported in Pike and 
Barbour Counties at times from 6 to 7:15, and seems to 
have moved but very slightly north of due east; 1 death 
resulted. This storm was about an hour later than and 35 
miles southeast of the Bullock County tornado. 

In Georgia at this time there seem to have been more 
distinct tornadoes than in any other one State—9 in all, 
but only 7 wholly within the State. The movement 
was usually to east-northeastward, but in some cases 
nearly due east. The hours of occurrence, when charted, 
give puzzling results, departing considerably from the 
orderly geographic sequence which is found in most 
other States. 

The tornado from Alabama which reached Warm 
Springs came into Georgia at 5:30, 90th meridian time. 
So the first tornado activity in Georgia was at Law- 
renceville, Gwinnett County, at 6, 75th meridian 
time. 

This place is several miles northeast of Atlanta, and is 
considerably farther north than the path of any tornado 
previously mentioned. This tornado seems to have 
advanced 185 miles in all, but reached the ground only 
at intervals; the property losses are found as $2,200,000, 
or somewhat more than the damage of all the other 
tornadoes of the two days combined. It reached Roy- 
ston, Ga., 55 miles from Lawrenceville, at 7 and 20 
miles beyond crossed into South Carolina. Anderson 
was reached just after 9, and here there was great 
property loss, while 8 persons were killed. The southern 
part of the city was traversed and two large mills were 
considerably damaged. East of Anderson the tornado 
did damage in or near Eden, Gray Court, Moore, and 
Walnut Grove, and was last reported as being near 
Hickory Grove about 11 a. m. he Walnut Grove and 
Hickory Grove are several miles north of a line drawn 
close to Anderson and Gray Court, it is possible that there 
were two distinct tornadoes in this part of South Carolina 
during the latter part of the forenoon. Only 1 death—in 
reer, attributed to this storm, or these two storms, 
outside of Anderson. 

The 7 tornadoes wholly in Georgia are reported as 
occurring at the places and hours named, the times bei 
75th meridian save in the two cases where “(90th)”’ fol- 
lows: Albany, 7:10 (90th); Brookton to Cornelia, 9 to 
9:35; Reynolds, 8:30 (90th); Ficklin, 9:30; Macon, 
southern suburbs, 9:30; Fitzgerald, 10; and Sylvania, 
12:45—this last alone being after noon. The deaths re- 
sulting were 1 at Ficklin and 3 at Macon. Damage to 
property was $200,000 at Macon; $50,000 each at Cornelia 
and Fitzgerald; but elsewhere less, and especially little at 
Albany and Sylvania. There isa slight chance that the 
Albany and Fitzgerald tornadoes were merely separate 
appearances of a single storm; otherwise, consideration 
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of the locations and hours leads to the belief that the 
storms were independent. 

The official in charge at Macon, Harry Raynes, has 
furnished a report of the storm near that city, from which 
these statements are extracted: 


At 9:02 thunder was first heard, the storm being in the south- 
southwest. Small hail fell from 9:17 to 9:22, and about this time 
the rain increased from gentle to heavy. The wind shifted to 
northwest and west-northwest at 9:26. die the hard rain and 
for a half hour after it ceased, small twigs, leaves, pine cones, and 
pine needles were falling from a great height. (The nearest pine 
trees are a mile and a half distant.) 

Shortly before 10 a. m. a dark, squirming, funnel-shaped cloud 
in the east-southeast was visible from the office window for about 
a minute. 

A close eyewitness described the clouds as a spiral, funnel-shaped, 
whirling mass, demolishing everything in its path of not more than 
300 yardsin width. About the top of this mass of clouds there was 
observed a continuous display of electrical phenomena, accom- 
panied by loud detonations of reverberating thunder. 

Signal posts of the Central of Georgia Railway, built of steel, 
embedded in concrete, which is buried 4 feet in the ground, were 
lifted out of the ground and twisted. The posts are said to weigh 
more than a ton each. 


Between the times of the Fitzgerald and the Sylvania 
tornadoes in Georgia, and about the time that the north- 
ern tornado in South Carolina was ending, the severe 
southern tornado was starting. This followed a path 
about 60 miles to southward of the northern one, and 
was about 100 minutes later at points abreast. 

Starting about 11 miles northeast of Aiken, Aiken 
County, at 11 a. m., the tornado was last observed 135 
miles away, in direction east by north, near Pamplico, 
Florence County, at 2:45 p.m. It passed through or 
near Edmund, Lykesland, Horrell, Horatio, Dalzell, Du- 
bose, Wisacky, and Lamar, but no large community was 
encountered, so, in spite of the width of path, sometimes 
as great as 1,400 yards, the damage was only about 
$1,000,000. But the loss of life was 67, greater than 
from any previous tornado in South Carolina, as far as 
records have revealed. 

While this disastrous storm was moving across South 
Carolina, there were 2 short tornadoes in North Carolina. 
The earlier, at 12:30 p. m., was north of Pittsboro, in 
Chatham County; it traveled 2 miles northeastward and 
caused 4 deaths and property loss of $20,000. The later 
started slightly more than 100 miles to eastward of Pitts- 
boro, being southwest of Robersonville, Martin County, 
about 2:30 p. m.; its movement was 15 miles to north- 
— and it resulted in damage of $200,000 and 1 

eath. 

The last two tornadoes occurred in southeastern Vir- 
inia. About 5:30 p. m. there was a path of moderate 
ength, about 10 miles, in Amelia County, from southwest 

to northeast. The greatest damage was at Maplewood, 
near where the storm started, where several were injured, 
one man fatally. The total damage done by this storm 
was $30,000. e place of occurrence was 130 miles to 
northeastward of the western North Carolina tornado, 
and nearly as great a distance northwestward of the 
eastern North Carolina storm. The other Virginia tor- 
nado occurred about the same time, 50 miles southeast- 
ward of Amelia County, near Pleasantshade, Greensville 
County; it was short and of narrow path, but by destroy- 
ne building it caused about $1,000 damage. 

he loss of life in these 21 storms was 114, and the total 
damage, conservatively estimated, with reports lacking 
as to a very few points where probably it was small, foots 
up a little more than $4,000,000. 
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VARIATIONS IN AT LINCOLN, 


Harry G. Carter, Meteorologist 
{Weather Bureau Office, Lincoln, Nebr., May 16, 1924] 


Since the advent of rain insurance there has been an 
increasing demand for hourly precipitation data. In- 
surance companies can not establish a satisfactory rate 
for rain insurance without a full knowledge of hourly 
rainfall frequency and intensity. These values are not 
the same for all months of the year, nor for all localities 
during the same month. For instance, to make a satis- 
factory rate for rain insurance for Lincoln it is necessary 
to know that during May more than twice as much rain 
falls as during October; that May has 50 per cent more 
hours with rain than October; that the average shower 
in October lasts 25 minutes longer than the average 
shower in May; that the time of greatest rain probability 
is between midnight and 6 a. m. in May, and the time of 
least probability is between noon and 6 p. m. in August. 

This information is of value, not only to insurance 
companies, but can be used to advantage in many lines 
of work. Outdoor activities can be planned to better 
advantage if the average daily weather conditions are 
known. This is being recognized and the demand for 
average weather conditions is steadily increasing. With 
this in mind a rather extended study was made of the 
hourly rainfall at Lincoln and the results summarized 
somewhat in detail. 

The data presented in this paper cover the 19 years 
1905 to 1923 and are for the period May 1 to October 31. 
In computing the average duration of rains, however, 
the record for April was also included. The automatic 
record of hourly rainfall is not maintained regularly 
during the remainder of the year. Snow fall can not be 
measured by the automatic rain gauge, nor can the 
gauge be maintained during freezing weather. Occa- 
sionally the record for the automatic gauge is kept dur- 
ing parts of April and November, but with insufficient 
regularity to be of any value in computing hourly 
averages. 

Tables 1 and 2 show the accumulated amounts of 
sr aiagpvar,se for each hour of the day for the months 

ay to October, inclusive, for the 19 years. The most 
noticeable feature is the greater amount of water falling 
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averaging 45.5 per cent of the total forthe month, while 
from noon to 6 p. m. in August but 6.6 per cent of the 
total monthly precipitation is recorded. The greatest 
difference between the amounts accumulated during day 
and night is in August, averaging 48 per cent more for 
the night rains, and the least difference is in October, 
when the night rains average but about 6 per cent more 
than the day rains. 

Tables 3 and 4 and Figures 1-7 show the frequency 
of rain at the different hours. By frequency is meant 
the per cent of times rain equaling or exceeding 0.01 
inch falls within the hour. A Ghoak was made during 
the entire period of the hours with a trace or more rain, 
and it was found that in about 44 per cent of the hours 
with rain the amount was only a trace. As a trace is an 
amount of rain less than 0.005 inch, it would in most 
cases be but a light sprinkle, and in some cases but a 
few drops. As these amounts are too small to affect 
outdoor activities, it was decided in determining rainfall 
frequency to consider only hours when the amount of 
rain equaled or exceeded 0.01 inch. 

The month of greatest rainfall frequency is May, and 
the month of least frequency is August, with July a close 
second. There is a gradual decrease of rain probability 
from May to August, with an increase in September 
and a decrease in October. The greatest frequency is 
during the night hours, averaging 5.8 per cent, as com- 
pared with 4 per cent during the daylight hours. The 
greatest probability during the night is in May, with an 
average of 7.8 per cent, and the least during the day is 
in July, pra 2.9 per cent. Considering the 6-hour 
periods, the probability is greatest between midnight 
and 6 a. m. in May (8.3 per cent), and least between 
noon and 6 p. m. in August (2.2 per cent) and July (2.5 
per cent). The rainiest single hour is between 2 a. m. 
and 3 a. m. in June (9.5 per cent) and in May (9 per 
cent). The least eet. cd is between 2 p. m. aa 3 
p. m. in August (1.2 per cent) and from 1 p. m. to 2 

. m. in July (1.5 per cent). The greatest difference 

etween the Hal and the night rain frequency is in June, 
day rains averaging 4 per cent and night rains 7.2 per 
cent. From June the difference gradually decreases to 
October, when the day rains average 4.3 per cent and 
the night rains 4.5 per cent. 


TaBLe 1.—Hourly amounts of accumulated precipitation, May to October, inclusive, for the 19 years 1905 to 1923, at Lincoln, Nebr. 


A. M. P. M. 
MONTH 
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 
| Se Fae 7. 67 | 3.37 | 2.76 | 3,24 | 3.65 | 2.74 | 3.22] 1.95 | 1.90] 1.49 | 1.41 | 0.849 1.65 | 2.20 | 1.71 | 1.33 | 2.35 | 4.17 | 5.24 | 3.58 | 3.86 | 3.471 3.90; 4.14 
| 6.70 | 5.51 | 5.33 | 4.84] 3.31 | 3.14] 1.26 | 1.19] 2.07 | 1.52] 1.51] 1.91 | 2.38 | 1.56 | 1.37] 1.23 | 2.47 | 2.31 | 4.70| 5.96 
3.14 | 5.96 | 2.77 | 3.12 | 3.96 | 2,06 | 1.99 | 2.66 | 2.54) 1.79 | 1.88 | 1.98} 0.85 | 0.84 | 1.31) 1.15 | 3.05 | 3.89 | 5.52 | 1.93 | 3.45) 5.41 431 
OS ee 3.92 | 5.37 | 8.13 | 6.33 | 5.49 | 4.05 | 5.58 | 4.02 | 1.31 | 0.92 | 1.92) 0.91 J 0.31 | 0.30 | 0.23 | 1.44 | 0.69 | 2.03 | 2.81 | 2.57 | 5.07 | 3.83 | 4.02] 3.67 
September ._..........- 4.31 | 5.80 | 7.81 | 5.21 | 4.04 | 2.99 | 3.07 | 2.93 | 2.42 | 2.51 | 1.98 | 1.729 1.11 | 1.35 | 1.41 | 4.25 | 3.13 | 2.49 | 3.34 | 3.26 | 2.50 | 1.90 | 3.65 | 4.04 
1.35 | 1.24 | 2.26} 1.44] 1.33 | 1.02 | 0.89 | 0.90 | 0.74} 1.15 | 0.99 | 1.67] 1.24 | 1.49] 1.58 | 1.75] 1.84] 1.76 1.82] 1.05 | 1.86] 2.06] 1.35] 1.40 
5.42 | 5.45 | 5.81 | 4.84 | 4.36 | 3.24 | 3.58 | 2.74 | 2,02 | 1,99 | 1.94 | 1.739 1.41] 1.71 | 1.56 | 2.26 | 2.46} 3.36 | 4.21 | 3.42 | 4.36] 4.59) 4.51) 4.70 


during the night as compared with what falls during 
the day.! For the entire period about 34 per cent o 

the total amount falls durmg the 12 hours 6 a. m. to 
6 p. m., and about 66 per cent from 6 p. m. to 6 a. m. 
The ratio differs with the different months, 74 per cent 
of the August precipitation occurs during the night hours, 
while in October 53 per cent falls at night and 47 per cent 
during the day. Considering six-hour periods, the great- 
est per cent of accumulated precipitation for the different 
months is to be found from midnight to 6 a. m. in August, 


1Cf. Kincer, J. B. Daytime and nighttime precipitation. MONTHLY WEATHER 
REVIEW, 44; 628-633. 


TABLE 2.—Percentage of total monthly precipitation occurring during 
6-hour periods, May to October, inclusive, at Lincoln, Nebr. 


Mid- 6 p. m. to 
Month night to |6-m™. to} Noon to | 


6a.m,. | 2000 | 6P.m. | night 


Per cent | Per cent | Per cent 


Per cent 

S215 2. 34.6 13.2 13.5 38.7 
39.1 18.9 17.8 24, 2 


Fig, 7 
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wor NoOoN wor 
1212 3 46 6 7 8 9101118 12 8 4 6 6 7 6 9 10 1112 


| 


NOON 
19182 8 46 6 7 8 9 101112 12 3 4 6 6 7 8 8 10 11 12 


|SBPTEMBER| 


CENT 


PER CENT. 
© 


Fia. 1.—Percentage of time rain eoaeeng exceeding 0.01 inch, is recorded each hour, Fic. 2.—Percentage of time, rain, equaling or exceeding 0.01 inch, is recorded each hour, 
at Lincoln ebr., during May at 


Lincoln, Nebr., during June 


| 
fe 
5 5 
4 4 
8 3 
3 2 
1 1 
Fic. 3.—Percentage of time rain, eq or exceeding 0.01 inch, is recorded each hour, Fic. 4.—Percentage of time rain, equaling or exceeding 0.01 inch is recorded each hour, 
at Lincoln, Nebr., during July 


at Lincoln, Nebr., during August 


MDT NOON MDT NOON wDT 
12212346 67 6 9101112 12 3 4 6 6 7 8 9 10 11 12 1212 846 67 8 9401112 12 83 4 6 6 7 8 9 10 11 12 


8 , JULY 8 MAY TO OCTOBER 
Ee 
5 5 
4 4 
3 3 
2 2 
1 { j | | 1 
Lit | 
Fic, 5.—Percentage of time rain, equaling or exceeding 0.01 inch, is recorded each hour, Fic. 6.—Percentage of time rain, equaling or exceeding 0.01 inch, is recorded each hour, 
at Lincoln, Nebr., during September 


at Lincoln, Nebr., during October 


a iii APRIL MAY JUNE JULY auGuUsT SEPT OCTOBER 
12212 83 46 67 8 9 101112 12 83 46 6 7 8&8 9 10 11 12 
8 AUGUST — 
4 
5 
1 pm. to 7 am. 
i 
meccecees 7 a.m. to 7 p.m. 
i 


Fic, 7.—Percentage of time rain, eqeetng ot exceeding 0.01 inch, is recorded each hour, 
» NeDr., 


at Lin during May to October, inclusive Fic. 8.—Average monthly number of rainfalls equaling or éxceeding 0.10 inch 
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TasLe 3.—Percent age of times rain equaling or exceeding 0.01 inch is recorded each hour at Lincoln, Nebr. (for the hour ending with those 
given) 

A.M. P.M. 
Month 

P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct,| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct. 

7.5| 90/ 83/ 80| 7.0) 65) 53] 51) 4197 48) 44) 46) 42) 61) 76) 88) 70] 61] 80] 7.0] 67 
95| 60) 76] 58) 51] 40] 377 42] 39] 42] 39) 42) 67) 722) 67) 88] 56 
4.8] 46] 7.0] 7.5) 53] 51] 34] 36) 29] 29) 199 24] 15) 24] 32! 37] 31) 20) 34] 42] 51] 53] 38 
August 4.4] 51] 65) 61) 63] 58| 7.5| 48] 34) 25) 22) 259 20) 17) 12] 25) 25) 24] 81] 29] 32] 37 
September... 6.0] 71] 78] 81! 71] 65! 61) 53] 44] 49] 37] 467 40) 39) 33] 60) 47) 39) 44] 49) 46) 42] 51] 60] 53 
ctober 44/41] 65| 44) 80/49) 44/39] 36/ 39) 429 44] 39] 54] 51/ 49/49] 39) 49) 39] 41) 42) 44 
Mean... 60] 62] 68] 60) 47/ 36) 33) 34] 41) 42) 46) 50) 42) 48) 48) 54) 59) 49 


TaBLe 4.—Percentage of times rain equaling or exceeding 0.01 inch 
is recorded each hour, for 6-hour periods, at Lincoln, Nebr. 


est, and then an increase to October. The rains of 
June, the month of the greatest number of thunder- 
storms, average 1 hour and 42 minutes in duration, 


neath Mid. to | 6a.m. | Noonto| 6p.m. | average Slightly longer than the rains of July and August. The 
Pens ee average duration of summer rains is 1 hour 32 minutes, 
while the rains of spring and autumn average 2 hours 
72\ 67 40 minutes. There is a marked difference in the length 
of day and rains, night rains averaging 2 hours 36 
AUGUS &7 3.8 23 a3 minutes and day rains 1 hour 46 minutes. e greatest 
| 3.9 47 43 44 difference in any one month is in September, when night 
©«C'ains average 3 hours 10 minutes and day rains 1 hour 
28 minutes. The least difference is in May, when night 
TaBLe 5.—Average duration of rains beginning at the different hours at Lincoln, Nebr. (for the hours ending with those given) 
A. M. P. M. 
Month Av. 
1 2 3 4 5 6 7 8 9 10} 1 | we 1 2 3 4 5 6 7 8 9 10 | 11 | 12 
: Hm. Hm. H.m. 
5 4/2 553 52/4 10/1 43/3 12 40/2 13/1 6/2 52/2 1 43/2 31/2 372 53/1 34/2 47/4 06/3 27\1 54/5 33/2 42) 3 04 
2 25/3 21/2 18)2 24/1 23/2 182 29/2 03/1 364 160 473 121 48/1 29/3 16:3 34/1 28/3 16/4 39) 2 27 
2 221 521 58/0 43/1 231 44/0 59/1 31/1 341 14/0 53)1 56/0 58/1 7/1 561 201 15/1 21/2. 38/3 152 39/3 22) 1 42 
2 353 04.2 52)1 531 23/1 20/1 24/1 3810 561 32/0 4 54:0 520 56)1 3510 44/1 19/1 16,2 23/2 55)1 46) 1 34 
2 041 44/1 32/0 22/0 481 22/1 O7|1 49/0 41/0 500 50/0 180 54/1 493 27/2 060 51/2 34/1 21 
2 55/3 48/1 34/2 58/1 522 46/1 17/1 13/1 20/1 23/1 27/1 391 21/1 14/1 58/1 55/4 17\2 34/4 6 22/2 31/2 19 
4 5016 01/1 43/2 55/2 18/2 53/3 28/1 05|1 27/2 1615 3 51/5 24/1 32/2 50/2 25/1 30/3 12/4 202 35/2 45/2 35/2 05) 2 52 
3 158 102 19) 47/1 291 56|1 202 05/2 022 ot 471 451 01/2 492 443 15.2 022 43) 2 ul 


TABLE 6.—Average duration of rains beginning at the different hours, 
for 6-hour periods, at Lincoln, Nebr. 


Mid.to | 6a.m. | Noonto}| 6p.m. 

Month 6a.m. | to Noon| 6p.m. | to Mid. 

H.m. H.m. H.m. H.m. 

3 28 3 04 2 21 3 25 
2 22 1 53 2 37 2 57 
1 40 1 20 1 22 2 2 
| 2 08 1 16 0 57 1 55 
1 40 1 06 0 40 1 87 
2 39 1 27 1 29 3 42 
3 22 2 37 2 35 2 55 
2 2 1 49 1 43 2 45 


Tables 5 and 6 show the average duration of rains for 
the various hours of the day, Apel to October, inclusive. 
Duration is the time rain was actually falling. The 
values in the tables and charts are placed under the 
hour of the beginning of the rain. For instance, in Table 
5 the first entry for April is “5 04,” under 1 a. m. 
This means the average duration of rains in April begin- 
ning between raidnight and 1 a. m. is 5 hours and 4 
minutes. 

The average length of rains in April is conga than 
the rains of any other month. Light drizzles of several 
hours’ duration are not uncommon, cp: ang the aver- 
age duration somewhat. From April there is a decrease 


in the length of rains until August, when they are short- 


rains average 2 hours 40 minutes and day rains 25 
minutes less. The longest continued night rains occur in 
April, averaging 3 hours 26 minutes, while the shortest 
day rains are in August, averaging 53 minutes. Consid- 
ering the period as a whole, there seems to be a maxi- 
mum duration just before and after midnight and again 
about 10 a. m., and a minimum about 6 a. m. and 3 p. m. 

Tables 7 and 8 show the hourly intensity. This is 
obtained by dividing the accumulated amount of precip- 
itation for each hour by the number of times rains of a 
trace or more occurred during the hour. 

There is a gradual increase in intensity of rains from 
May to August, when they are heaviest; than a decrease 
to October, when they are lightest. The greatest differ- 
ence in the six-hour periods is found in August, when the 
average intensity between midnight and 6 a. m. is 0.116 
inch, and between noon and 6 p. m. is 0.028 inch. The 

eatest difference between day and night rains is also 

ound in August, when day rains averaged 0.039 inch and 
night rains 0.110 inch. This is partly due to the fact that 
in August twice as many thunderstorms occur at night 
and the heavy downpours accompanying thunderstorms 
raise the average intensity. During May and October, 
when thunderstorms are fairly evenly distributed through- 
out the day and night hours, the difference in intensity 
between day and night is small. October shows no 
heavy downpours and but a small variation in day and 
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night rains. During the summer months heavy night 
rains are more frequent than during spring and autumn. 
The day rains of summer, however, are but little heavier 
than day rains of spring and autumn. 

As many insurance companies insure against 0.10 
inch of rain, Figure 8 is presented, which gives the average 
number of times each month a rainfall equaling or exceed- 
ing 0.10 inch was recorded during the 12-hour periods 
ending at 7 a. m. and at 7 p. m. for the 19 years 1905 to 
1923. During June night rains equaling or exceeding 
0.10 inch were naire an average of 5.2 times. The 
greatest number of day rains were recorded in May (3.4) 
and the least in August (1.8). In October day rains of 
0.10 inch or more were slightly more frequent than night 
rains, the average being 2.1 for day rains and 1.9 for 
night rains. 

he records for the 19 years studied indicated clearly 
that from May to October night rains at Lincoln were 
uniformly of more frequent occurrence, of longer dura- 
tion, and of greater intensity than day rains. 
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a distribution of rain just opposite of what would be 

expected. The average fall of rain at Topeka from 5 

a. m. to 6 a. m. is more than three times as great as from 

noon to 1 p. m., and this surprising fact is confirmed by the 

amounts credited to adjacent hours. More than 60 per 

cent of the average day’s precipitation occurs between 6 
.m. and 6 a. 

This distribution of precipitation becomes an important 
matter, especially in the summer months, when most out- 
door activities take place. Practically everything done 
outdoors is subject to interruption or delay by rain. 
Were the wettest hours at Topeka in the afternoon in- 
stead of at night, many lines of human endeavor would 
be more hampered by unseasonable weather than they 
now are. Fields and the great stretches of unsurfaced 
highways dry out rapidly in the warm season of the year 
in the Middle West, and often after a heavy rain at night 
field work of certain kinds can be resumed the next a 
and motorists find properly graded dirt roads passable 
after a few hours sunshine. 


TABLE 7.—Average hourly intensity of rainfall at Lincoln, Nebr. (for the hour ending with those given) 


{Total hourly accumulated divided by number of times rain is recorded during the hour] 


A.M. P.M. 
Month | | | | | | | | erage 

| | 
0. 108 043 0.033 |0. 042 0.045 037 |0. 039 022 028 Ja. 025 J0. 025 jo. 014 fo. 025 038 0. 029 024 0.085 [0.056 (0.069 0.046 0.058 (0. 055 |0. 055 068 | 0. 042 
093 | .086 | .066 | . 058 | . 053 | | . 060 | . 024 | .027 | . 058 | . 039 | . 038 F040 | 034 | | .024 | | .046 | 089.098 | .119 | .109 | .000 |. 058 
-070 | . 132 | .058 | | | | 038 | 059 | 062 | | | | | | | 2035 | 2105 | 1088 | | 159 | | | 071 
August | | | 096 | | 086 | | | 022 | 055 | 030 009 | |: 010 | 060 | | | | | 2127 | | 105 | 
085 | .094 | 113 | | 051 | | | 046 |. 049 | 049 | 048 -029 | 030 | 082 | .065 | | 074.069 |. 054 | | | 062 
October. “081 | 025 | | | | ‘023 | | | :o15 | ‘024 | ‘021 | 039 | 025 | 030 | | 030 | | | |? 018 | | | | 029 | 
Mean... 080 | . 084 | . 080 060 | 048 | 048 | .042 | . 034 | .038 | . 040 | . 038 . 025 -030 | . 028 -048 | .048 | .056 | 067 | . 070 -084 | 080 .076 | . 556 

| 


TABLE 8.—Average hourly intensity of rainfall for 6-hour periods at 
Lincoln, Nebr. 


{Total hourly accumulated divided by number of times rain is recorded during the hour] 


Midnight 6a.m. | Noon to |6p.m.to 

Month to6a.m.| tonoon | 6p.m. | midnight 

. O41 . 034 092 
ck 116 | . 050 . 028 103 


HOURLY PRECIPITATION AT TOPEKA, KANS. 
S. D. Firora, Meteorologist 


{Weather Bureau Offices, Topeka, Kans., February 16, 1924] 


To a person acquainted with the peculiarities of the 
climate of the Middle West and, especially eastern 
Kansas, where three-fourths of the year’s moisture falls 
in the six summer months and is largely the result of 
thundershowers, it is a surprise to find that the hour with 
the heaviest fall of moisture is near sunrise, and the one 
with the least from noon to 1 p.m. This condition pre- 
vails at all times of the year, but is most pronounced in 


the summer season, which is also the thunderstorm 
season. 

Thundershowers are chiefly the result of great upward 
rushes of air, due to overheating of the layer near the 
surface of the earth on warm afternoons, and this cause 
would naturally be less near sunrise, yet the graph shows 


108847—24t——-2 


Outdoor of all kinds, baseball games, picnics, 
and fairs, depend for their success chiefly on the absence 
of rain during the afternoon, and this distribution at 
Topeka has proved peculiarly favorable to them. The 
growing practice among managers of the more important 
events to insure against rainfall at specified hours, 
usually between noon and 6 p. m., has caused a closer 
study to be made of its distribution through the day, 
which has been one of the motives in this compilation. 


a.m. p.m, 
2 4 5 6 7 8 8 10 Nom! 2 3 4 5 6 7 8 10 
24 
22 \ 


10 
08 to) 


Fig. 1—Average hourly percipitation, Topeka, Kans., Apri! to September, inclusive, 
, for the period 1905-1923 


The hourly records of precipitation at Topeka, like 
those at other Weather Bureau stations of the first order 
established more than 19 years ago, have been carefully 
compiled since the use of, station Form No. 1014 was 
begun January 1, 1905. The means in the table that 
accompanies this article were obtained from this 19 years’ 
record at Topeka. A few discrepancies have resulted 
in the record of winter months from moisture which fell 


1 Cf. Kincer, J. B. Daytime and nighttime precipitation. Mo. Wra. RRV., 44: 
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in the form of snow and could not be recorded by the 
self-registering gauge, as rain has been recorded. In 
most instances the accumulated hourly amounts of pre- 
cipitation that fell as snow have been credited to the 
hours ending 7 a. m. and 7 p. m.—the regular observation 
hours—with the result that the means for those hours 
are abnormally high for the winter months. To a less 
extent accumulated amounts have been credited to the 
hour ending at midnight, which has caused a slight rise 
in the mean for that hour. This trouble does not appear 
in the records for the warm months of the year, May 
to September, inclusive, and is seen to but a small extent 
in the records for April and October. 


Aprin, 1924 


p. m. A maximum wind velocity of 52 miles and an 
extreme velocity of 64 miles per hour from the northwest 
occurred at 3:57 p. m. 

A peculiar feature of this storm can best be described 
as a large whirlwind cutting a path about 30 feet wide. 
It was first noticed on the Arkansas side of the river, 
where part of a large tree was blown down about 3:55 
p. m. oving from a WNW. direction across the river, 
it carried spray from the surface of the water spirally 
upward in a counterclockwise direction to the base of 
the low-lying clouds. The clouds at this point were very 
turbulent and moving rapidly from the WNW. In its 
passage across Wolf River, to the east of and parallel to 


TABLE 1.—Average hourly precipitation at Topeka, Kans., 1905-1923 


{Inches and hundredths] 
A.M. P.M. 
Month Mid 

1 2 3 4 5 6 7 8 9 10 11 |Noon| 1 2 3 4 5 6 7 8 y 10 ll night 
ESE OSES TE 0. 02 | 0.01 | 0.02 | 0.03 | 0.02 | 0.03 | 0.13 | 0.02 | 0.02 | 0.01 | 0.02 | 0.03 | 0.02 | 0.01 | 0.02 | 0.03 | 0.02 | 0.04 | 0.12 | 0.03 | 0.03 | 0.03 | 0.04) 0.08 
ee 0.04 | 0.05 | 0.02 | 0.06 | 0.05 | 0.04 | 0.11 | 0.04 | 0.03 | 0.07 | 0.05 | 0.07 | 0.08 | 0.05 | 0.04 | 0.03 | 0.05 | 0.08 | 0.28 | 0.02 | 0.04/ 0.04) 0.07) O11 
| 0.08 | 0.09 | 0.06 | 0.07 | 0.06 | 0.04 | 0.19 | 0.05 | 0.03 | 0.05 | 0.05 | 0.06 | 0.04 | 0.09 | 0.10 | 0.08 | 0.10 | 0,09 | 0.19 | 0.10 | 0.09 | 0.12 | 0.21) 0.25 
OS 0.17 | 0.11 | 0.16 | 0.10 | 0.09 | 0.10 | 0.19 | 0.12 | 0.07 | 0.06 | 0.06 | 0.08 | 0.08 | 0.05 | 0.07 | 0.08 | 0.12 | 0.07 | 0.18 | 0.09 | 0.11 | 0.08 | 0.12) 0.15 
0 2 ne 0.15 | 0.22 | 0.25 | 0.16 | 0.24 | 0.27 | 0.22 | 0.20 | 0.12 | 0.13 | 0.19 | 0.13 | 0.11 | 024) 0.15 | O14 | 0.16 | 0.13 | O18 | 0.21 | 0.26 | O24) 0.13) 0.15 
ea 0.18 | 0.14 | 0.28 | 0.23 | 0.34 | 0.21 | 0.14 | 0.12 | 0.12 | 0.16 | 0.12 | 0.13 | 0.08 | 0.11 | 0.10 | 0.10 | 0.09 | 0.21 | 0.28 | 0.26 | 0.28 | 0.26 | 0.22) O14 
| | SE 0.32 | 0.30 | 0.32 | 6.20 | 0.16! 0.33 | 0.18 | 0.09 | 0.08 | 0.05 | 0.05 | 0.01 | 0.05 | 0.10 | 0.13 | 0.16 | 0.18 | 0.24 | 0.13 | 0.08 | 0.17 | 0.22) 0.21) 021 
A _ MRR nena - 0.16 | 0.15 | 0.22 | 0.24} 0.18 | 0.34 | 0.24 | 0.18 | 0.08 | 0.08 | 0.15 | 0.06 | 0.06 | 0.07 | 0.09 | 0.04 | 0.12 | 0.25 | 0.17 | 0.20} 0.25 | 0.18 | 0.21] 0.21 
ee OEE SA 0. 0. 26 | 0.21 | 0.21 | 0.34 | 0.27 | 0.28 | 0.26 | 0.22 | 0.14 | 0.10 | 0.12 | 0.08 | 0.05 | 0.23 | 0.13 | 0.08 | 0.15 | 011 | 0.10) 0.16 | 0.41 | 0.22) O18 
a ee ee 0.10 | 0.11 | 0.07 | 0.12 | 0.19 | 0.09 | 0.07 | 0.10 | 0.11 | 0.08 | 0.07 | 0.06 | 0.07 | 0.10 | 0.09 | 0.09 | 0.08 | 0.08 | 0.14) 011/017) 012'0.10) 019 
November... -........... 0.10 | 0.07 | 0.08 | 0.10 | 0.07 | 0.04 | 0.10 | 0.04 | 0.02 | 0.07 | 0.08 | 0.03 | 0.06 | 0.06 | 0.09 | 0.06 | 0.12 | 0.13 | 0.13 | 0.07 | 0.06 | 0.08 | 0.09] 0.12 
ase 0.01 | 0.01 | 0.03 | 0.04 | 0.01 | 0.02 | 0.11 | 0.03 | 0.04 | 0.04 | 0.02 | 0.03 | 0.02 | 0.02 | 0.03 | 0.06 | 0.06 | 0.05 | 0.15 | 0.04 | 0.03 | 0.03 | 0.04); 0.08 
_..| 0.13 | 0.14 | 0.13 | 0.15 | 0.15 | 0.16 | 0.10 | 0.08 | 0.08 | 0.08 | 0.07 | 0.06 | 0.08 | 0.10 | 0.08 | 0.10 | 0.13 | 0.17 | 0.11) 0.14) 015/014) 016 

April to Septem- 
r, inclusive__| 0.21 | 0.19 | 0.24 | 0.19 | 0.22 | 0.25 | 0.21 | 0.16 | 0.12 | 0.10 | 0.11 | 0.09 | 0.08 | 0.10 | 0.13 | 0.11 | 0.12} 0.18 | 0.18 | 0.16 | 0.20 0.23 | 0.18] 0.18 


THUNDERSTORM AT MEMPHIS, TENN., APRIL 29, 1924 


By A. R. Lone, Observer 
{Weather Bureau, Memphis, Tenn., May 10, 1924] 


The weather map on the morning of April 29 showed 
an area of low pressure of considerable intensity central 
over Oklahoma. On the morning of April 30 it was 
central over the lower Ohio Valley. Numerous thunder- 
storms occurred on the eastern and southern sides of 
this low-pressure area. 


2 


April 29, 1924 


Altitude 

N 


/0 20 30 40 SE SW WwW 
Fic. 1.—Wind velocity and direction just previous to thunderstorm (3:11 p. m.) 


A thunderstorm of mild character occurred at Memphis 
on the morning of April 29. Another thunderstorm 
occurred during the afternoon, and the following notes 
are taken from the station records. First thunder heard 
at 3:20 p.m. and continued at lengthy intervals until 
7 p.m. Rain began 3:50 p. m. and ended 7:20 p. m. 
A trace of hail fell from 4 p. m. until 4:01 p. m. 
Excessive precipitation began 4 p. m. and ended 4:30 


the Mississippi River, it seemed to disturb the house- 
boats in its path more than the other houseboats on either 
side. Several windows were broken out of the Fall 
Building, situated upon the bluff about 500 feet from 
Wolf River and in the path of this disturbance, while 
adjoining buildings on both sides escaped undamaged. 
Branches were broken off of a number of trees and a 
few windows broken at several other places in the city, 
but no serious damage was reported. 


FROST ON THE CRANBERRY BOGS OF NEW JERSEY 


By George Buss, Meteorologist 
{Weather Bureau Office, Philadelphia, Pa., January 26, 1924) 


The Weather Bureau has studied frost conditions on 
the cranberry bogs for many years, partly for the purpose 
of improving the forecasts and effecting greater savings 
thereby, and partly because of the interesting meteorologi- 
cal problems that the conditions present. 

In 1906 and 1907 Prof. Henry J. Cox, of the Chicago 
station, made an exhaustive study of these conditions on 
the Wisconsin bogs, and the results were published as 
Bulletin T, W. B. No. 443. In 1917 Mr. C. A. Donnel 
spent the fall season at Whitesbog, N. J., and studied 
the physical conditions, but did not carry his studies far 
enough to work out any conclusive results. 

In the fall of 1921 the Weather Bureau began a series 
of temperature and humidity observations at Whitesbog, 
under the supervision of the writer, for the purpose of 
obtaining data from which to compute a radiation for- 
mula (i. e., an equation from which to compute the 
minimum to which the radiation will carry the tempera- 
ture during the ne for use in forecasting bog minimum 
temperatures. e fall series of observations was made 
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by Mr. C. C. Hamme, and the following spring series by 
r. Charles I. Dague. The results were analyzed and 
ublished in the Monrary Weatuer Review for 

ctober, 1922. 

This analysis showed that it would be necessary to 
have a greater number of observations before a reliable 
working formula could be computed. The results, how- 
ever, were decidedly encouraging, for they gave assurance 
that a good radiation formula could be depended upon 
for more accurate results than had been possible by any 
other means yet tried. Clearly, too, such a formula 
could be employed by the grower to give him fairly 
dependable information, a desirable self-aid when he is 
not in touch with a Weather Bureau Office. 

The application of a radiation formula requires very 
careful and accurate observational work in order to 
reduce errors to a minimum. It is advisable to take 
three sets of thermometer readings at each observation, 
and to use that set that gives the lowest dew point. 

The Weather Bureau did not have funds to continue 
the observations at Whitesbog, and in the fall of 1922 
the work was obligingly taken over by Mr. Charles S. 
Beckwith, special cranberry agent for the State of New 
Jersey. en Mr. Beckwith finished the series of ob- 
servations last autumn we then had data for a total of 
7. good radiation nights with the bog minima 40° or 
ower. 

When the first analysis of the observations was made, 
and published in the Montruty WeatHEeR REVIEW 
there were data for only 25 good radiation nights, and 
the writer was inclined to favor a straight-line formula 
that was computed by the method of least squares. A 
study of the larger number of observations now available 
has revealed the fact that such a formula is not flexible 
enough, or, in other words, does not have latitude enough, 
to cover the somewhat freakish conditions that are some- 
times experienced on the bogs. The type of formula 
used by Mr. Floyd D. Young in California is better, 
because it employs variables that may be computed to 
fit the conditions. These observations also show that 
there is a decided difference between the radiation con- 
ditions of spring and of fall, hence it has been necessary 
to compute two sets of variables in order to cover this 
difference. 

The formula which has been used by Mr. Young is as 
follows: 

in which 7'is the prospective bog minimum temperature; 
D the p. m. dewpoint; H the p. m. relative humidity; 
V a variable depending upon the dewpoint; and V’ 
a variable depending upon the humidity. 

The values given in Table 1 have been computed in 
accordance with the temperature and humidity con- 
ditions recorded on the 76 nights before mentioned, 
and they are no doubt very close to the results that we 
might expect if data were available from a much larger 
number of observations. 

Apphestidn of the formula with the values of Table 1 
to the conditions on the 76 nights before mentioned 
gives the results shown in Table 2. 

ith the most careful observational work possible, we 
May expect an occasional difference of as much as 3° 
tween the actual and the computed dewpoint, and it 
will be noted that on 60 of the 76 nights, or approxi- 
mately 80 per cent of the time, the difference between 
the observed and the computed minimum temperatures 

Ses not exceed that amount. Therefore the formula 
May be considered as about 80 per cent correct. 


MONTHLY WEATHER REVIEW 213 


It is believed that this formula and the values as 
tabulated will apply with equal accuracy to all of the 
bogs in New Jersey with the possible exception of those 
nearest to the coast. For bogs in other latitudes, such 
as Cape Cod, or in Wisconsin, it would no doubt be 
necessary to compute a different set, or sets, of values to 
use in the minimum temperature equation. 


TABLE 1.—Computed values of V and V’ in the radiation equation 


H —25 
SPRING VALUES 
Dew- Humid- 

point V ity Vv 
Per cent 
25-27 3 0 | 
28-30 2 41-52 —l | 
31 1 53-59 —2 | 
32 0 —3 | 
33-34 —l 67-71 —4 | 
35-36 —2 72-76 —5 | 
37-38 —3 77-81 —6 
39-40 —4 82-86 —7 
41-42 —5 87up —8 
43-44 —6 
45-46 —7 
47-48 —8 
49-50 
51-52 —10 
53-54 —ll 
55 —12 
56-57 —13 
58 
59-60 —15 
61 —16 
| 62-63 —17 
64 —18 
65-66 
67 —20 
68 —21 


| 
| Dew- Humid , 
| point V ity V 
oF. Per cent 
20-24 0 1 
| 25-29 —l 41-52 0 
30 —2 53-57 —l 
31 —3 58-62 —2 
32 63-67 —3 
33-34 —5 68-71 —4 
35-37 —6 72-76 —5 
—7 77-81 —6 
41-43 —8 82-86 —7 
87 up —8 
47-50 —10 
51-53 —ll 
54-55 —12 
56-57 —13 
58-59 —14 
60 —15 
61-62 
63 —17 
64-65 | —18 
66 --19 


TABLE 2.—Comparisons of observed minimum temperatures with 
values forecast from computations from the radiation equation 


—9 
4 
SPRING SERIES 
Tempera-| Relative| Dew Forecast | Actual 
Date ture, jhumidity| point, bog bog Error 
p. m. p.m. p.m. (minimum minimum 
1922 Per cent oP, °F, 
62 26 27 29. 8 31.0 —1.2 
67 65 54 36.0 39.5 —3.5 
53 71 43 29. 5 28.7 +0. 8 
gy, re 59 78 52 34.8 33.7 +1.1 
52 77 45 31.0 31.3 —-0.3 
63 50 44 32.8 38.5 —5.7 
59 82 54 35. 8 38.5 —2.7 
61 60 46 33. 3 35. 8 —-2.5 
50 82 45 30. 8 28.8 +2.0 
55 64 42 30.3 30.3 | +0. 0 
66 55 49 34. 5 34. 5 +0.0 
| 63 78 55 35. 8 37. 2 | 
65 38 39 31.8 33. 0 -1.1 
54 81 48 32.0 39. 4 | —7.4 
61 73 52 35. 0 35.1, -0.1 
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TABLE 2.—Comparisons of observed minimum temperatures with 
values forecast from computations from the radiation equation 


+ y—V’)—Continued 
SPRING SERIES—Continued 


Tempera-| Relative} Dew Forecast | Actnal 
Date ture, jhumidity| point, bog bog Error 
p. m. p. m. Pp. m. mininum|/mininum 
1923 Per cent ne “7, 
63 37 36 31.0 28.0 +3.0 
59 52 41 30.3 32.2 -1.9 
60 50 41 30.8 30. 2 +0. 6 
69 50 50 35.8 35. 2 +0.6 
SETS. 62 62 48 33. 8 33.0 +0.8 
es 53 50 34 | 27.8 23.4 +4.4 
65 56 49 34.3 32.0 42.3 
61 35 33 29. 8 31.5 —1.7 
ae 68 50 49 | 34.8 34.5 +0.3 
| RA 65 48 45 | 33.3 28.5 +4.8 
60 34 32 29.8 30. 0 —0.2 
76 38 48 36.8 37.6 -0.8 
CESARE 80 41 54 | 40. 0 40. 3 —0.3 
66 59 51 | 34.5 36.5 —2.0 
31-June 1_........- 62 81 56 | 35. 0 33. 1 +1.9 
68 76 60 | 37.3 35. 5 +1.8 
75 66 63| 388 41.1 -23 
| 72 85 68 | 39.0 37.0 +2.0 
Average error, —0.4°. 
FALL SERIES 
| | 
81 79 | 57 36.5 42.0 —5.5 
> eee: | 82 80 | 59 37.3 31.5 +5.8 
76 93 52 32.0 40. 0 —8.0 
aes: 81 91 68 40. 5 38. 0 +2.5 
eS 74 92 47 28.3 29.8 —1.5 
is Ree: 86 92 55 34.3 29.0 +5.3 
69 84 45 28.3 29.3 —1.0 
65 94 61 35.8 34. 0 +1.8 
| 64 85 40 25.0 29. 4 
70 76 45 28.3 29.8 -1.5 
48 80 38 23.3 22.0 +13 
oe 60 87 38 23. 5 29.0 —5.5 
| 76 83 52 33.5 32.0 +15 
56 7 37 24.0 22.0 +2.0 
54 89 32 20. 0 18.9 +11 
70 96 39 22.3 21.4 +0.9 
1922 
Sept. 20-08... 60 72 51 33.3 36.2 —2.9 
54 54 37 24.8 25. 0 —0.2 
52 78 45 28.8 28. 1 +0.7 
"SRS 61 89 58 36. 0 38.7 —2.7 
53 52 36 23.3 29.5 | —6.2 
ese 52 62 | 39 24. 8 27.1 | —23 
_ eee 64 59 | 50 33.5 31.0 | +2.5 
at 50 48 30 22.3 20. 0 | +2.3 
40 68 30 21.3 24.0 —2.7 
34 29 20.0 22.5 —2.5 
Abe 40 | 53 | 26 19.0 16.5 +2.5 
1923 
64 70 | 54 | 34.8 34.5 +0.3 
64 82. 58 | 36.8 39.5 —27 
| 52 63 40; 28.5 27.5 -1.0 
54 73 45 | 29.0 29. 5 —0.5 
54 59 26.5 26. 0 +0. 5 
55 65 43 | 28.0 28. 0 +0.0 
2S eae | 70 72 61 | 38.3 36. 0 +2.3 
OB. 56 65 44, 31.0 —3.0 
3 61 65 49 | 32. 0 34. 0 —2.0 
| 56 65 | 44) 28.0 33.0 —5.0 
65 52 | 47 | 30. 3 22.5 +7.8 
45 78 | 33 23. 8 24.0 —0.2 
44 78 | 37 23.8 15.5 +8. 3 
45 86 41 | 24.8 20.3 +4.5 
47 69 37 | 24.0 20.0 +4.0 
46 7 | 38 | 24.0 23.0 +1.0 
i 


Average error, —0.6°. 


WEATHER DURING APRIL 21-26, 1924, AND THE FREE- 
BALLOON FLIGHTS OF APRIL 23-25 


By V. E. Meteorologist 
[Weather Bureau, Washington, May 24, 1924] 


The sequence of weather conditions over the country 
during the period of April 21-26, of more than passing 
interest in themselves, is of additional interest in view 
of the free-balloon flights of April 23-25, and their 
meteorological significance. An account of the national 
balloon race of 1924 and of the participation of the Weather 
Bureau in furnishing the pilots with all possible informa- 
tion before and during the flights, is given in the following 
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extract from the report of Mr. J. H. Jarboe, official in 
ove of the Weather Bureau station at San Antonio, 
ex.: 


Seven balloons started from San Antonio, Tex., during the late 
afternoon of April 23, 1924, competing for distance in the national 
elimination balloon race. No records were broken, but four 
balloons exceeded a thousand miles, and the average mileage for 
the seven contestants was 798. The general course taken by all 
balloons was somewhat east of north, and closely coincided with 
the surface isobars, but the rapid and continuous movement of 
the balloons northward was quite unusual. Thunderstorms were 
encountered by all pilots as the balloons neared the center of low 
pressure, the first balloon being forced down 16 hours 46 minutes 
after the start. 

Six of the balloons were equipped with radio sets, and the pilots 
received weather forecasts during their flight. Their logs show 
that messages came in from numbers of stations, some reaching 
as far eastward as New York the first night. 

A rather comprehensive schedule for supplying meteorological 
information was conducted. Weather maps, forecasts, and upper- 
air conditions from Weather Bureau and Army aerological stations 
were supplied in bulletin form, and pilot-balloon runs were made 
hourly at the field by the Army meteorological detachment. The 
contestants were well informed of current and expected weather 
development before leaving the ground, and ample provision was 
made for supplying this information by radiophone during the 
race. Pilots were keenly interested in this feature, taking with 
them weather maps, forecasts, reported wind velocity aloft, and a 
schedule of broadcasting stations. The distance covered, time in 
vw air, “a the approximate location of the place landed are shown 

erewith: 


Pilot Duration Miles Landed (near) 
H. M. S. 

39 11 O 1,042 | Sanborn, Minn. 
25 20 20 565 | Moline, Kans. 
18 7 382 517 | Kaw City, Okla. 
16 46 365 | Wapanucka, Okla. 


The balloons started off with a surface wind of 12 to 14 miles 
per hour from the southeast. They traveled at altitudes of 200 
to 400 meters, but increased their altitudes during the night and 
were soon making 30 to 35 miles an hour. Air currents at an 
altitude of 500 to 1,500 meters were used for the larger part of the 
race, the balloons traveling so rapidly at times that the pilots 
experienced difficulty estimating their positions. 

eather conditions and forecasts indicated that the balloons 
were being drawn into the center of the Low while crossing Kansas, 
and altitudes up to and above 5,000 meters were used. Snow and 
freezing temperatures were encountered in the higher levels, as 
well as physical discomfort due to altitude. On the morning of 
April 25 four balloons were still in the air above northern Iowa and 
southern Minnesota, with the center of the Low south of them. 
Thunderstorms and adverse winds on this date brought the race 
to a close, and the victory to W. T. Van Orman. 


The week opened with an elongated Low central over 
Missouri, attended by precipitation over its northern 
portion. This Low was displaced the following mornin 
(22d) by a weak uicu, the Low meanwhile passing 0 
northeastward with increasing area of precipitation. By 
the morning of the 23d, the n1cH had increased in extent 
and depth and was overlying practically all the eastern 
half of the country. Coincidently with the development 
of this HIGH, scattered areas of low pressure in the west 
later merged into a well-marked trough that covered 
the western half of the country by the morning of the 
23d, the major axis of the trough extending about NE. to 
SW. over the plateau region. 

This distribution of pressure on the 23d indicated 
general south to north movement of air over middle 
sections of the country, the low and high areas being 
separated by approximately straight isobaiv extending 


from the Gulf to Canada. Wind conditions were there- 
fore favorable for distance flights from San Antonio, 8, 
following the gradient winds at moderate altitudes, the 
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balloons would necessarily drift in a general northerly 
direction. From the evidence of aerological observa- 
tions, no other course gave as good promise of attainin 
distance from the starting point. The winds observe 
at about the time the balloons took off were steady 
southerly, becoming southwesterly at 2,000 meters, from 
Texas north to North Dakota. Velocities in the southerly 
current averaged about 30 miles an hour, being highest 
about 1,000 meters above the ground, and higher over 
northern sections than in the south. Over the Missis- 
sippi Valley and sections to the east the winds were 
lighter and more variable in direction, with a tendency 
to westerly in the higher altitudes. Over the Atlantic 
States the winds aloft had mostly a northerly component. 

The same general drift prevailed on the 24th, except 
that the winds were south to higher altitudes over the 
eastern portion of the Plains States, and steadier and 
stronger south in the lower altitudes over the Mississippi 
Valley, the western trough of low pressure having dev- 
eloped in intensity and advanced farther east during the 
preceding 24 hours. Over the Eastern States no strong 
winds of definite general direction were observed except 
over the lower Lake region and thence eastward, where 
strong westerly winds were reported’ above about 1,000 
meters. However, these westerly winds were not accessible 
to the pilots, as the southerly drift had carried the balloons 
only as far north as the lower Missouri Valley by the even- 
ing of the 24th. During the night of the 24-25th, the bal- 
loons that were still in the air made fairly good progress 
over lowa, two penetrating into Minnesota by the morn- 
ing of the 25th. 

he wind conditions, substantially as outlined, were 

radioed to the pilots during the progress of the race in a 
series of bulletins given to broadcast stations that were 
successively within easy range of the balloons. Successful 
reception of these messages is attested to by the expe- 
rience of Mr. W. T. Van Orman, the winner of the race, 
from whose report the following remarks are quoted: 


The stations from which our balloon, the Goodyear Third, 
received orig are as follows: WOAI, San Antonio; WBAP, Fort 
Worth; WMC, Memphis; KSD, St. Louis, KDKA, Pittsburgh. 
These reports were extremely valuable to us in our flight. ou 
might be interested to know that in addition to these stations we 
arranged with and received weather reports from the following 
stations (naming 11 other stations) * * We are inclosing a 
sample of the report which we requested these stations to broad- 
cast, and in the majority of cases we found that their reports came 
out in this form. 

It is our opinion that the distance made in this recent race was 
made possible to a very large degree through the cooperation of 
the Weather Bureau and the various broadcasting stations. In 
conclusion, I might say it would be well in all subsequent races to 
arrange for broadcasting of the reports on a very much broader 
scale, as their value has been definitely proven in this contest. 
Please accept my most sincere thanks for the cooperation of the 
Weather Bureau given us in the recent contest. 


Sporadic thunderstorms on the front of the trough 
over Oklahoma and Kansas forced some of the balloons 
down on the 24th, the remainder having been able to 
continue in the air until they reached Iowa and southern 
Minnesota on the morning of the 25th. Further prog- 
Tess was impossible, as by this time showers and thunder- 
storms were of general occurrence or impending through- 
out the upper Mississippi Valley and western Lake region. 
It is to the credit of the intrepid pilots and their aids 
that they were able to attain the distances they did in 
view of the threatening weather conditions they had to 
contend with on the 24th and 25th. The winner of the 
tace lacked only about 100 miles of equaling the Ameri- 
can record for distance. The paths followed by the two 
leaders in the balloon race and that of the Army balloon 
are shown in Figure 1. 
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Simultaneously with the start of the national balloon 
race an Army balloon, Lieut. James T. Neely, pilot, 
carrying C. Le Roy Meisinger, of the Weather Bureau, 
as meteorological observer, took off independently from 
Scott Field, Belleville, Ill., in one of a series of constant- 
elevation flights. This balloon, after drifting northward 
about 400 miles, was compelled to land in Wisconsin on 
the morning of the 24th for reasons similar to those that 
ended the balloon race in Iowa and Minnesota on the 
25th. Threatening weather and variable winds devel- 
oped in the night of the 23d-24th in the northeastern 
sector of the low-pressure trough, which on the morning 
of the 24th extended from Arizona and New Mexico 
northeastward to the Dakotas and Minnesota. Over 
this sector the observed easterly winds in the lower levels 
evidently became southwesterly at higher altitudes, as 
observations on the 24th and 25th within the low-pres- 
sure area indicated a wind structure characteristic of 
troughs, i. e., winds aloft of southerly component extend- 
ing well beyond the rear and north of the center.1 Ob- 
servations at Ellendale and Denver on the 24th showed 
south to southwest winds aloft to 5,000 meters above 
winds in the lower levels that were northeast and west, 
respectively, and at Madison strong southwesterly winds 
aloft above surface winds that were becoming easterly. 
Drexel, on the 25th, showed a north surface wind, chang- 
ing at about 300 meters altitude to south and southeast 
winds that extended to over 3,000 meters altitude. 

In the lower levels over the region of Wisconsin and 
Minnesota the transition from southerly to easterly 
winds apparently occurred within a small latitudinal 
distance, the Army balloon having been carried in the 
last laps of its journey on the 24th in an arc of short 
radius (approximately shown in Fig. 1) from a southwest 
to an easterly wind. This is also well indicated in the 
opposing surface wind directions in the northeastern 
sector of the trough shown on the weather maps of the 
24th and 25th. Reproductions of the weather maps 
showing the pressure distribution near the 
and jor Ae of the balloon race and at the time of landing 
of the Army balloon are given in Figures 1 to 3. 

Following up the development of this low-pressure 
trough it will be noted that on the 26th the main center 
was over Iowa, with major axis trending NW. to SE. 
and general vg ams during the preceding 24 hours 
reported within its confines. A Low with a NW. to SE. 
orientation of major axis, while of frequent occurrence,’ 
is nevertheless abnormal, inasmuch as usually the trend 
of a trough of low pressure tends to become NE. to SW.‘ 
A closer study is Garclsre suggested of the general ante- 
cedent conditions, already briefly outlined in the earlier 

art of this paper. It will be noted that the uiau, first 
aintly evident over the upper Missouri Valley on the 
p. m. map of the 2ist, had evidently been gradually 
reinforced from the north. After it had attained its 
maximum depth and extent over the Eastern States on 
the 23d, another HiGH appeared, approaching from On- 
tario, which continued to develop and advance south- 
ward until on the 26th it was dominant over northeastern 
sections of the country, with highest pressure still over 
Ontario. Concurrently, pressure rose over the Pacific to 
a maximum on the oad, followed by a decline on the 26th, 
and a rise in pressure over the Canadian mainland (see 
Northern Hemisphere map, not reproduced). An accom- 
paniment of this pressure cycle was the advance south- 


1 See footnote 10, Mo. WEATHER REV., January, 1924, 52:21. 

3 Of numerous examples, the weather maps of Apr. 28, 1918, Apr. 21, 1923, and Apr. 
17, 1924, show well-defined types. 

4 See footnote 2, Mo. WEATHER REV., February, 1924, 523101. 
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eastward of an area of high pressure and lower tempera- 
ture over the Rocky Mountain States on the 24th—26th, 
which, occurring simultaneously with the ba ee of 
the Ontario HGH, had the effect of segregating the north- 
ern portion of the low-pressure into the configuration 
observed on the 26th. 


FiG. 3.—Pressure distribution, 8 a. m., 75th meridian time, April 25, 1924 


An observation of SSE. wind aloft at 4,000 meters 
over Drexel on the 25th and at 4,500 meters over Ellen- 
dale on the 27th leads to the inference that a normal 
west-to-east movement of the detached Low was pre- 
vented by the persistency of the Ontario nicn, of which 
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the SSE. winds aloft were a consequence. A close exami- 
nation of the isobars on the weather maps from p. m. of 
the 24th to p. m. of the 26th shows that there was a 
retardation of the northern limb of the low-pressure 
trough in the region of the Dakotas and Minnesota dur- 
ing this period that amounted actually to a slight retro- 
gression on the 26th. Further confirmation of this is 
given by the surface-wind record at Ellendale, where the 
wind changed from southerly to northerly on the 24th, 
and veered back to southeasterly on the 26th. It is 
noteworthy that precipitation did not occur at Ellendale 
until the wind veered from northwest to directions rang- 
ing from north through east to southeast, and that at 
Drexel precipitation was delayed nearly 20 hours after 
the wind had changed from south to northwest, and 
about 8 hours after it had begun at Ellendale. The 
significance of this is that the precipitation that occurred 
in the rear of the trough on the 25th and 26th can not 
all be attributed to the under-running effect of the cold 
high-pressure area from the northwest. Over southern 
sections only was it plausibly due to this cause. Over 
most of the Dakotas and Nebraska it seems more rea- 
sonable, from the foregoing facts, that precipitation was 
due to processes connected with the transport of air from 
around in front of the Low.’ The distinction between 
the two types of precipitation is often evident by a gap 
in the shaded area in the rear of the Low, as is apparent 
on the a. m. weather map of the 25th. 

In connection with the precipitation that occurred east 
of the low-pressure area, it is interesting to note the 
changes in temperature that occurred with changin 
contignradiin of isobars and, consequently, sources 0 
supply of air. On the 24th at Drexel the temperature 
was 14.1° C. at 2,000 meters in a SSW. wind; and at 
Ellendale 15.2° C. at 2,000 meters in a southeast wind, 
and 6.8° C. at 3,000 meters in a south wind. At Royal 
Center the temperature was 7.2° C. at 2,000 meters in 
an east wind on the 26th; and on the 27th, 6.2° C. at 
2,000 meters in a SSE. wind, and 1.0° C. at 3,000 meters 
in a southwest wind. The lower temperatures at Royal 
Center than at corresponding levels at stations to the 
west and northwest a few days previously were undoubt- 
edly due to the difference in the source of air. On the 
24th the air aloft over Drexel and Ellendale was supplied 
by the drainage extending far to the south and south- 
west, in paths approximating the course taken by the 
balloons. At Royal Center he winds in the lower Bea 
on the 26th and 27th had their origin in the nicH to 
the east, while the southwest wind observed at 3,000 
meters on the 27th can be traced back in a curved path 
to the cold n1aH that appeared in the northwest on the 
24th. Rain began at Royal Center on the 27th as soon 
as the wind near the ground changed from easterly to a 
more southerly component, indicating the building up of 
an adiabatic gradient between the warm southerly cur- 
rents near the ground and the cold southwest wind aloft.’ 


NEW STANDARDS OF ANEMOMETRY 
S. P. Fercusson and R. N. Covert 


With the approval of the Chief of the Weather Bureau, 
the authors, in 1921, began a redetermination of the rate 
of the standard anemometer extending to higher velocities 
than any attained in earlier tests of the instrument. This 
work was made possible by the generous cooperation of 
the aerodynamical laboratory of the Bureau of Standards 
in providing and operating the two wind tunnels in which 


5 Mo. WEATHER REV., January, 1924, 52: 21 (par. (c)). 
6 Mo. WEATHER REV., January, 1924, 52: 20 (3d par., 2d. column). 
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the instruments were tested. During the study of the 
standard anemometer, Dr. J. Patterson, of the Canadian 
Meteorological Office, published an investigation showing 
that a Robinson anemometer having three cups is better 
than one with four or more; trials of two instruments of 
this type confirming Patterson’s conclusions, our investi- 
gation was extended to include the development of a 
new standard, the design or plan of which should be 
based upon the most recent studies and accumulated 
experience. Between April, 1922, and June, 1923, 38 
anemometers of different kinds, proportions, and dimen- 
sions were tested in the tunnels and on a whirling machine 
and compared in the natural wind; many of these were 
modified temporarily to ascertain differences of rate, in 
steady and variable winds or due to variable friction, etc. 
In all, including a large number recently studied b 
Patterson and by Brazier, of France, there are now avail- 
able measurements and rates of about 100 anemometers, 
including probably all patterns likely to be needed. 
From these there has been selected a new standard whose 
proportions and dimensions were decided upon after 
conferences with Doctor Patterson and others interested, 
during which was considered the desirability of a uniform 
international standard. The same type of anemometer 
with the same rating has been approved for use in Canada. 

In advance of publication of the complete investigation, 
which will occur at an early date, and in order that the 
new standards of measurement may come into use as 
soon as possible, the authors present herein a table of 
correct values for velocities indicated by the old standard 
throughout the range of the natural wind, and compari- 
sons of old and new values of the rate and of the old and 
new instruments. 


TaBLE 1.—Correct or true velocities corresponding to velocities indi- 
— by the standard four-cup Robinson anemometer of the Weather 
ureau 


{In miles an hour] 
| 
Indi- 
cated 0 1 2 3 4 5 6 7 8 9 
velocity | 

2.2 3.2 4.2 | 5.1) 6.0 6.9 7.8 8.6 

110 9.3 10.2; 11.2] 120 12.8; 135); 143 15.0} 15.7 16.5 

2} 17.3 18.1/,189] 19.7) 20.5) 21.3, 22.0] 22.7] 23.4 24.2 

30} 24.9) 25.7] 26.4] 27.2) 280) 28.7 | 29.4; 30.2; 30.9 31.6 

240} 32.3) 33.1 38.8 | 34.5 | 35.2) 36.0) 36.8) 37.5] 382 38.9 

50} 39.7; 40.5] 41.3] 420; 427) 43.4 44.1 44.9) 45.6 46.3 

60} 47.0| 47.8] 48.6] 49.2; 50.0, 50.7, 51.5! 522) 52.9 53. 7 

54.4] 55.1 55.8} 56.5 | 57.2) 58.7/ 59.4) 60.1 60. 9 

80 | 61.7] 62.4 63. 1 63.8 | 64.5 65. 3 66. 1 66.9 | 67.6 68. 3 

390} 69.1] 69.8] 70.5] 71.3) 72.1 72.9; 73.6; 74.3] 75.0 76. 7 

100 | 76.5) 77.2) 780] 78.7); 79.4; 80.2!) 80.9! 81.6] 82.3 83.1 

$110; 83.8 | 84.5] 85.2) 85.9 86.7 | 87.5 | 88.3 | 89.0 | 89.7 90. 5 

120} 91.3) 92.0} 927) 93.5) 94.2 | 95.0) 95.8 | 96.4) 97.1 97.9 

130 | 987) 99.5 | 100.2 | 101.0 | 101.8 | 102.6 103.3 | 104.0 | 104.7 105. 4 

140 | 106.2 | 107.0 | 107.8 | 108.6 | 109.3 110.1 110.8 | 111.5 | 112.2 | 113.0 

150 | 133.8 | 114.5 | 115.2 | 115.9 | 116.6 | 117.4 118.2 119.0 | 119.7 120. 5 

160 | 121.3 | 122.0 | 122.7 | 123.4 | 124.1 | 124.8 | 125.5 | 126 127.1 127.8 

170 | 128.5 | 129.2 | 129.9 | 130.7 | 131.5 | 132.3 | 133.0 | 133.8 | 134.5 | 135.2 

5180 | 135.9 | 136.6 | 137.3] 138.1 | 138.9 | 139.6 | 140.3 | 141.1 | 141.8 142.5 

190 | 143.3 | 144.0} 144.7 | 145.5 | 146.2) 146.9 | 147.7 | 148.4 149.2 149.9 


! Average velocity in the United States. 

? Average standard of gale. Highest standard velocity by whirling machine in 1890, 
35 miles an hour. 

* Average standard of hurricane. Highest velocity by whirling machine in 1913, 67 
miles an hour. 

‘ Highest velocity usually recorded at exposed stations. 

5 Highest wind at the earth’s surface, 186 miles an hour (indicated) on Mount Wash- 
ington, January, 1876. Highest standard velocity in wind tunnel, 1922, 61 meters a 
Second, or 137 miles an hour. 


Tenths of miles or meters in this and the tables following 
are used only to obtain smooth values and are of no 
importance in correcting velocities for the reason that 
two similar instruments exposed near each other will 
Sometimes disagree 5 to 10 per cent or more. 

hese new values indicate that the rate of the old 
standard determined in wind tunnels is nearer constant 
than the rate ascertained previously by means of whirling 
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machines, but a comparison with the table of true veloc- 
ities published in 1890’ shows that the differences between 
the two are small. 


TABLE 2.—Comparative dimensions and proportions of old and new 
anemometers 


Old standard (1860(?)-1924) New standard (1924) 


Diameter of 4 inches (102 5 inches (127 mm.). 
Length of arms. .............- 6.72 inches (170.3 mm.).....- 6.29 inches (159.7 mm.). 
Value of 1 rotation: 
10.56 feet (3.22 meters)_...... 9.84 feet (3 meters). 


The mechanisms of the old and new instruments are 
so nearly alike that the former can be altered to indicate 
true velocities by equipping it with the cups, spindle, and 
one gear of the new pattern, at a smaller cost than that 
of an entirely new anemometer. The dimensions and 
proportions of the new pattern are such that registra- 
tion in any scale desired—kilometers, meters, miles, feet, 
or sixtieths of miles—can be accomplished by simple 
changes in the wheel work. 


TaBLE 3.—True or correct velocities corresponding to velocities indi- 
cated by new standard 


In meters a second In miles an hour 
Indicated | True Remarks Indicated | True Remarks 

5.1 
Average in America Average in America. 

14.6 | Gale. 29.1 | Gale. 

19.3 38.7 

24.0 57.8 | Hurricane. 

28.7 | Hurricane. 76.5 

33. 4 95. 2 

38.3 114.8 

43.0 see 134.5 | Highest recorded. 

47.6 153. 0 

52.3 172.6 

57.1 | Highest recorded. SDs isons 191.6 


TABLE 4.—True velocities corresponding to velocities indicated by 
old and new standards when the instruments are adjusted to record 
correctly at average velocities 


IN ENGLISH UNITS 


Miles an hour 
Indicated 5 | 10| 20| 30| 40 | 50| 60 | 70 | 90. 100 
Old standard, factor 5 | 10 | 19 | 28 | 37 | 46 | 55 | 64 73 | 82 | 91 
New standard, factor 5 | 10 | 20 | 29 | 39 | 48 | 58 | 67 | 77 86 95 

IN INTERNATIONAL UNITS 
Meters a second 
| | 

Indicated 2; 5] 10] 15 | 20 | 25} 30 | 35 | 40 | 45 | 50 
Old standard, factor 5] 9) 14) 18 23 | 27 | 31 | 35 | 40 | 44 
New standard, factor 2} 5] 10] 15) 19 24 | 29 | 33 | 38 | 43) 48 


The preceding comparisons show that differences 
between the old and new standards are unimportant or 
inconspicuous at low or average velocities, but increase 
at high velocities. When the factor 3 is used, gales of 25 
miles an hour or higher indicated by the old standard are 


7 Circular D, second edition, p. 16. 
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about 22 per cent too high, and when the instrument is 
adjusted to record correctly at the most frequent or 
average velocities, by changing the factor to 2.65, its 
rate is still 6 per cent too high at 25 miles an hour and 9 
per cent too high at 100 miles an hour. Velocities indi- 
cated by the new standard are about 2 per cent too high 
at 25 miles an hour and 5 per cent too hi h at 100 miles 
an hour; as indicated in the Table 4, when the old standard 
is properly adjusted and indicates a velocity of 50, the 
true velocity is 46; when the new standard indicates 50 
miles an hour, the true velocity is 48, etc. 

It is expected that the new standard will be adopted as 
soon as instruments now in use can be modified and 
replaced. A description, including plans of the new 
anemometer, is in preparation for use by anyone interested 
in the operation or manufacture of these instruments. 


WHY HARDWOODS DO NOT GROW NATURALLY IN 
THE WEST 


By J. A. Larsen, Forest Examiner 
{Excerpts from The Idaho Forester, annual, 1922, 4: 28-32] 


Unfortunately the beautiful hardwood trees which are 
native to the Eastern States do not grow naturally in 
the West. We have here only aspen, cottonwood, small 
birch, hawthorns, cherry, and alder. On the Pacific 
coast are oak and maple, but limited largely to lower 
moist sites such as streams bed and canyons. The gen- 
eral absence of broad leaf trees in the West is most Ukety 
due to the difference in precipitation and temperature 
between the East and West. To be sure, there are other 
factors which limit the distribution of trees, such as soil 
acidity, alkalinity, soil and atmospheric moisture, as well 
as inherent qualities in the regen themselves. Soil acid- 
ity and soil moisture or quality of the soil can at best be 
of significance only within a limited area, and since it 
has been shown, except for areas near the sea, that at- 
mospheric moisture varies according to the precipitation, 
it is only a result and, as such, not a controlling factor. 
Internal structure of leaves and stems, ability to transport 
much water, injuries by frost, etc., must be looked upon 
as direct results of the plant’s environment rather than 
factors which control their distribution. There remains, 
therefore, the factors of temperature and precipitation 
and the variation and extremes of these worthy of con- 
sideration. 

Air temperature, though it may not in all cases be a 
controlling factor, often limits the distribution of trees 
either by too short, too cold summer weather and frosts 
during the growing season, or by too great extremes. 
Iixperiments have shown that the leaves of trees do not 
become green in temperatures above 104° F. and do not 
function below 40° F. Unusually low temperatures may 
cause root killing, bark and wood splitting, and killing 
of buds and stems of hardwood. 

If the growing season is too short, the species which 
are introduced from a warmer climate bud out too early 
in the spring, or have no time to form sufficient wood in 
the new stems to withstand frost injuries in the fall. If 
the nights are too cold throughout the summer months, 
one of the plant foods, sugar, which is not injured by 
freezing, has not had time to form before the cold weather 
sets in. The plant food is therefore chiefly in the form 
of starch, which is damaged by frost. 

_ From the standpoint of water requirement of trees, it 
is well to note that the structure of the leaves, stems, 
and wood of trees may render some entirely unsuitable 
for certain climates, especially in regions characterized 
by dry summer air and low rainfall. Deciduous trees 
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are able to transport much more water than conifers. 
Dr. Franz R. von Hohnel, of the Austrian Forest Experi- 
ment Station, determined by careful tests over a period 
of 12 years that 1 acre of oak forest lost by transpiration 
from 2,227 to 2,672 gallons of water per day durin 

periods of growth. This is equal to 2.9 to 3.9 inches 0 

rainfall per month for the growing season—much more 
than occurs over the western sections of the United 
States. Other broad-leaved trees are much like oak in 
respect to evaporation of water. 

n examination of the distribution of hardwoods in 
the Eastern States shows that their general northern 
limit follows a line through St. Paul, Minn., to Eau 
Claire and Sheboygan, Wis.; Grand Rapids, Lansing, 
and Detroit, Mich. North of this line the forest is pre- 
dominantly coniferous. From Detroit to central New 
York an inversion occurs in that the hardwoods are on 
the north and the conifers to the south. This is evi- 
dently due to low land and relatively warm air surround- 
ing the Lakes and the higher land with colder air to the 
south. From central New York the line goes northeast 
through western Massachusetts, through Concord, N. H., 
and Augusta, Me., with conifers on the north and hard- 
woods to the south. The westward extension of the 
hardwoods is defined by the Mississippi River from St. 
Paul to Rock Island, Ill., thence southwestward through 
Iowa, Kansas, and Oklahoma, irregularly, according to 
local variations in topography. 

In conclusion it may be said that precipitation and at- 
mospheric moisture over the western United States are 
insufficient for the eastern hardwoods. Air temperature 
is suitable in most towns and cities and over extensive 
farming sections. This makes it possible by irrigation 
or by planting in certain very favorable sites such as 
moist slopes and aspects sheltered from the driving 
summer winds, to raise eastern hardwoods in the Pacific 
Northwest. Except for southern Idaho and the Pacific 
coast cities, however, the frequent frost which occurs 
over most of the region during late spring and early fall 
are a serious drawback, which stunts and kills back the 
young trees and retards growth on the mature trees. 

[Charts showing the mean air temperature and rain- 
fall for different eastern and western. cities accompany 
the article showing the distinction spoken of in the test.| 


TEMPERATURE SUMMATIONS WITH REFERENCE TO 
PLANT LIFE 


By G. A. Pearson, Director 


[Fort Valley Forest Experiment Station] 


Plant investigators are seeking an index of temperature 
which is expressive of the heat conditions required by 
plants. The mean temperature generally employed by 
and too often by is misleading 
when applied in the vegetable world. Plants are far less 
concerned with the relatively low night temperatures 
than with the more effective temperatures prevailing 
during the hours of daylight. For this reason a mean 
which gives equal wieght to night and day temperatures 
is a poor measure of the heat available for maintaining 
the physiological processes involved in plant life. The 
inadequacy of mean temperature is very evident in the 
mountain forests of the Southwest, where an extremely 
high daily range is the rule and where the native vege- 
tation experiences little discomfort from low night 
temperatures even to the point of frost, but is exceedingly 
dependent upon heat energy for carrying on photo- 
synthesis. 
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During a pe of three years a series of meteorological 
stations in the vertical was maintained in the San Fran- 
cisco Mountains of northern Arizona. The lowest of 
these stations was in the woodland or pifion-juniper belt 
at about 6,500 feet elevation. From here on up the moun- 
tain slope, one or more sets of instruments were installed ; 
in the yellow-pine forest 7,300 feet; in the Douglas-fir 
forest at 8,700 feet; in the Engelmann-spruce forest at 
10,500 feet; and no age 4 near the upper limit of tree 
growth at 11,500 feet. Figure 1 shows decided irregular- 
ty in the graphs of mean temperature. This is partic- 

arly evident in comparing the graphs for the yellow- 
pine and the Douglas-fir Bret: The Douglas-fir sta- 
tion, situated 1,400 feet above the yellow-pine station, 

ave a mean annual temperature only 0.7° F. lower than 
that of the latter. From December 1 to June 30, the 
erage means for Douglas fir were often as high or higher 
than the corresponding records for yellow pine. In 
January the Engelmann-spruce forest, situated nearly 
3,000 feet above the yellow pine, recorded the same mean 
temperature as the latter. 

A glance at the mean minimum graphs shows at once 
that this is the source of disturbance. During every 
month of the year the yellow-pine station has a lower mean 
minimum than the Douglas fir, and in 8 months out of 
12 it is below the Engelmann spruce. This phenomenon, 
which is well understood by meteorologists, is due to 
drainage of cold air off the mountain slopes and settling 
at the base where the yellow-pine station is situated. 

Turning to the graphs (fig. 1) of mean maximum tem- 


perature, we find almost perfect coordination between 


the various stations. The days are invariably warmest 
in the lower altitudes. Here also we find the plants 
known to have high heat requirements. In every way 
the mean maximum temperature seems to furnish a re- 
liable expression of heat relations in the various forest 
types. Throughout Arizona and New Mexico, wherever 
high mountain records are available, the same relative 
conditions have been found. When dealing with mean 
and mean minimum temperatures, inversions are the 
rule at stations situated on plateaus or in valleys at the 
base of high mountains; but inversions disappear in the 
mean maximum. The foregoing observations have led 
the writer to regard the mean maximum as a far better 
index of temperature than the mean, when plant life is 
under consideration. It is rautying to find that the 
more recent summaries published by the Weather Bureau 
include the mean maximum temperature. 

Various schemes have been devised to express in a single 
figure the total amount of heat available for plant growth 
during the growing season. One of the earliest attempts 
was that of Merriam, who, assuming that no appreciable 
activity in plants takes place when the mean daily tem- 
perature is below 43° F., added together the degrees of 
mean daily temperature above this minimum. Some of 
the obvious objections to this method are: (1) That the 
minimum temperature for dein varies greatly in differ- 
ent plants; (2) that growth is not directly proportional 
to temperature, and (3) that the computations are based 
upon mean daily temperature which has been shown in 
this paper to be a very uncertain quantity. 

Where thermograph records are available it is possible 
to determine the mean temperature for each hour of the 
day and thus make an accurate summation of effective 
temperature according to any adopted standard. A 
simple though fairly effective method provides a means of 
analyzing temperature by men adding together for 
each day the number of hours with temperature between 
any fixed limits. Thus it was found that in the spruce 
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forest of the San Francisco Mountains the temperature 
curve rose above 70° F. only during four hours in the 
entire growing season (June—September) of 1918; during 
the same period the number of hours above 70° F. was 
134 in the Douglas-fir forest and 633 in the yellow-pine 
forest. A decided improvement on this method could be 
attained by taking the product of intensity and duration, 
or what amounts to the same thing, by planimetering 
the space described by the thermograph curve and any 
fixed temperature line. 
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FiGc. 1.—Temperature by forest types in northern Arizona 


A marked advance over the foregoing schemes is made 
by what is known as the method of physiological indices 
i temperature efficiency. It is based upon experiments 
by Lehenbauer, in which he determined the hourly rate 
of growth of maize seedlings exposed to the same tem- 
perature during periods of 12 hours. The values thus 
obtained formed the basis for a table giving an index of 
efficiency for each degree in the centigrade scale. Liv- 
ingston worked out the corresponding values for the 
Fahrenheit scale. Taking the efficiency at 40° F. as 
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unity, it rises rapidly with temperature until a maximum 
of 122 is attained at 89° F., beyond which point the 
values decline. 

Proper application of this method calls for a better 
measure of temperature than is afforded by the dail 
mean. Lehenbauer’s experiment was conducted wit 
plants exposed to constant temperatures. The index of 
efficiency corresponding to a given daily mean tempera- 
ture may be far different from that obtained by summing 
the indices for the components of this mean. Where 
thermograph records are available, a far more accurate 
though rather laborious process is to determine the index 
corresponding to the mean temperature for each two- 
hour period and taking the average of the values thus 
obtained. This eliminates practically all of the periods 
of ineffective temperature instead of combining them 
with periods of effective temperature and thus reducing 
the value of the whole. The two-hour period has been 
chosen as a compromise between accuracy and expedi- 
ency. Intervals of one hour or even less would yield 
more accurate results but at the expense of greatly in- 
creasing the work of compilation. te Table 1, indices 
obtained by averaging two-hour periods are compared 
with those derived from the ia mean temperature. 
Figure 2 shows the relative temperature efficiency in the 
various forest types of northern Arizona referred to the 
growth of maize seedlings. It will be observed that 
although based upon records of a single season the graphs, 
as in the case of mean maximum temperature, show a 
very consistent relationship between the forest types. 


TaBLE 1.—Physiological temperature efficiency 


[Yellow-pine type] 

Physiological effi- 

Daily temperature | ciency based on— 
June, 1918 Daily | Tempera- 

| Maxi- Mean mean ture by 

| mum tempera-| 2-hour 

ture periods 

| 

75.7 56.5 14. 44 31. 23 
St Ree 76. 2 57. 05 14. 44 38. 73 
77.7 60. 25 19. 88 41, 22 
6. -.destrodesaceiglovadewcessdccctickee } 77.5 59. 65 19. 88 37. 47 
| 776.7| 585.6 | 185.52| 379.36 
| 88.9 68. 85 50. 83 66. 12 
88. 2 68. 0 46. 00 45. 87 
81.9 66. 4 37. 22 44. 29 
76. 6 61. 95 24. 33 31. 22 
79.0 63. 35 27.11 34. 54 
79.0 63. 35 27.11 43. 10 
70.0 61.15 22. 00 21. 00 
77.6 61.4 32. 00 33. 47 
SET 86. 8 65. 7 37. 22 55. 90 
Sic 83.5 66. 25 37. 22 42. 95 
82.1 64. 05 30. 00 36. 46 
805. 1 650. 10 347. 76 421. 62 
Monthly 2, 392.5 | 1,885.25 | 870.65 | 1,208.15 
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Since plants vary in their heat requirements, indices of 
efficiency should be determined for each species con- 
cerned, or at least for several groups of species having 
approximately the same requirements. In forestry, for 
instance, separate determinations should be made for 
characteristic species such as western yellow pine, 
Douglas fir, and Engelmann spruce. 

Of all the methods here described, the method of 
physiological indices is the only one which is based directly 
on the response of plants to heat. This method promises 
to be very useful when supported by thermograph re- 
cords and experimental data on the response of various 
species. Without these data, however, the values 
obtained are only a rough index. Under these circum- 
stances, which indeed are those generally encountered, 
the mean maximum temperature is believed to be the 
most practical index available. In the mountains of the 
Southwest it has proven far more consistent and expres- 
sive than mean temperature, and while it may not prove 
equally superior in regions of low daily range and higher 
temperatures generally, it will undoubtedly prove a 
valuable adjunct to records of mean temperature. As 
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Fic. 2.—Physiological tempetraure efficiency, 1918 


compared to the method of summing daily means above 
43° P. or any other minimum limit, it has the advantage 
of greater simplicity and consistency. 

n conclusion I wish to recommend to ecologists that 
they consider the mean maximum temperature where 
thermograph records are not to be had. Obviously, the 
mean maximum is to be regarded only as an index rather 
than a complete measure of heat conditions. To Weather 
Bureau officials I wish to suggest that they use every 
effort to include the mean maximum in their temperature 
summaries. 


OUR PRESENT KNOWLEDGE CONCERNING THE ATMOS- 
PHERIC DISTURBANCES OF RADIOTELEGRAPHY ' 
L. W. Austin ? 
[U. S. Naval Radio Research Laboratory, Bureau of Standards, Washington, D. C.] 


Our present knowledge concerning the eg 
disturbances of radiotelegraphy is very limited, but in 
the following I have ateanted to make a brief résumé 
of the known facts and generally accepted hypotheses. 


1 Subreport of committee on atmospheric-electric phenomena and measurements in 
the troposphere and stratosphere presented at the annual meeting of the section of ter- 
restrial magnetism and electricity of the American Geophysical Union, Apr. 18, 1923. 

2 Reprinted from Bull. of the National Research Council, vol. 7, pt. 5, No. 41. Wash- 
ington, 1924, pp. 127-130, 
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Atmospheric disturbances, popularly called static, 
form the chief obstacle to the progress of radio telegraphy 
and telephony. They give rise to troublesome noises in 
the telephone receivers, which frequently make the re- 
ception of signals at great distances impossible, even in 
the case of the most powerful transmitting stations. 
They are generally most violent during the warmer months, 
and are especially severe in the Tropics. They differ in 
strength from pean to year, and their intensity usually 
increases rapidly with the wave length to which the re- 
ceiving apparatus is tuned. 

The disturbances have been classified by Eccles accord- 
ing to their sound in the telephones as clicks, hissing, 
rumbling, and crashing. 

The clicks and hissing are of comparatively little im- 
porsanen. the first being thought to be due to distant 

ashes of lightning and the second to the discharge of 
dust, snow, or rain, striking the antenna. 

The rumbling type (grinders), which is the most com- 
mon type of disturbance, is generally believed to consist 
of strongly damped slecisioal wave trains or of untuned 
single pulses. That this type of disturbance has some- 
times a certain amount of tuning is shown by the fact that 
the individual discharges are not always heard simul- 
taneously at different wave lengths, but it is believed that 
the discharges are so numerous that, since they occur at 
different frequencies, they form a kind of disturbance 
spectrum and thus appear in the receiving apparatus at 
every wave length to which the antenna may be tuned. 
While nothing is definitely known as to the exact nature 
of the source of the rumbling disturbances, it is believed 
that they are probably produced in the ne atmosphere 
by electrical readjustments. The resulting electrical 
waves expand in a more or less spherical manner until 
the lower portions of the wave front strike the earth, 
when they spread out, guided by the earth, and move off 
with a wave front which soon becomes practically vertical 
exactly like the electrical waves started from the trans- 
mitter of an airplane. The more powerful rumbling dis- 
turbances seem to come frequently from definite centers 
which often appear to lie above mountainous regions; 
for example, a large proportion of these disturbances 
which have been eta along the coast of Oregon and 
Washington appear to come from the direction of Mount 
Rainier. Other well-marked centers have been observed 
in the mountains back of San Francisco and San Diego. 
The centers mentioned appear to be nearly constant in 
position and have been continuously active since their 
first discovery in 1920. It is believed that there is also 
a center of great energy somewhere in southern Mexico 
which frequently produces receiving difficulties through- 
out the eastern United States, where disturbances from 
the Allegheny Mountains are also noticed. Among 
other reported sources of rumbling disturbances are large 
cities, perhaps on account of their ascending currents of 
heated air, thunderclouds, thosan here they are appar- 
ently unconnected with the visible lighting flashes, which 
produce clicks, and the advancing edges of rain areas. 

t may be said that, in general, the rumbling disturbances 
more commonly originate above the land, as ships far 
out at sea are comparatively little troubled by them. 

The intensities of disturbances of the rumbling type 
seem to be closely connected with the seasonal variations 
in the height of the sun’s path. Some observations in 
Africa, reported by Dr. R. B. Goldschmidt and R. Brail- 
lard, tend to show that radio stations close to the Equator 
have two well-marked maxima during the year at the 
time when the path of the sun passes through the zenith. 
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When the disturbances are directive and come from a 
direction different from that of the signal which is being 
received, it is often possible to eliminate a large part of 
the disturbances and thus improve the reception by mak- 
ing use of unidirectional -eceiving apparatus. Unfortu- 
nately it generally happens -+that there are secondar 
centers, such as local clouds or near-by mountains, whic 
act upon the receiving station from several directions 
at the same time. 

Some situations have been found, notably in California, 
where the disturbances come almost entirely from one 
point. In these places reception from the direction of 
the Pacific Ocean can be made nearly free from atmos- 
pheric troubles. 

In addition to the rumbling disturbances, crashes are 
often heard in the telephones which seem to differ in 
origin and character from the rumbling type. The 
difference in sound of the two types is not easily dis- 
tinguishable for untrained observers, since the rumbling 
is frequently preceded by a crashing noise. The true 
crashing disturbance, however, is not followed by 
rumbling. There is little evidence that the crashes are 
directive in character, while there are a number of 
observations which tend to show that they occur simul- 
taneously at widely distant stations; for example, at 
San Francisco and Honolulu. It has been suggested 
that they may be connected with solar outbursts, al- 
though there is little direct proof to this effect. Some- 
times they appear to occur in large number on days when 
earth-current disturbances are noted on telegraph and 
cable lines. It is also thought by radio operators that 
the crashes are entirely untuned in character, since the 
individual crashes are observed frequently simultane- 
ously on widely different wave lengths. 


THE CHIEF PROBLEMS OF ATMOSPHERIC DISTURBANCES 


1. There is need of systematic daily observations on 
the intensity of the atmospheric disturbances at a large 
number of points in all parts of the earth. It is te a 
where possible, to have this intensity measured in terms , 
of electric voltage on the antenna expressed in volts per 
meter height. Eventually recording apparatus should 
be devised for automatically taking these observations. 

2. Measurements are also needed on the prevailing 
direction of the directive types of disturbances at widely 
scattered stations. As soon as possible recording in- 
struments should be used for this purpose. A _ di- 
rection recorder has, I believe, already been con- 
structed in England. These observations will probably 
show daily and seasonal shifts of prevailing direc- 
tion and will eventually indicate certain points as 
disturbance centers. 

3. When these disturbance centers are identified, a 
study should be made of the meteorological and electrical 
conditions prevailing, which will perhaps throw light on 
under which the disturbances are pro- 

uced. 

4. Observations should be made on the simultaneity 
of individual disturbances at widely distant points, 
identifying as far as possible the type of disturbance. 

5. The question of the directivity of the crashing type 
should be settled. 

When sufficeint information regarding these points 
has been collected, comparisons can be made between 
the disturbances and other natural phenomena, solar 
activity, the earth’s electrical and magnetic phenomena, 
and those of seismology and volcanology. 
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SEVERE WINTERS IN SOUTHERN GERMANY AND 
SWITZERLAND SINCE THE YEAR 1400 DETERMINED 
FROM SEVERE LAKE FREEZES' 


By Dr. J. Maurer 


[Translated by W. W. Reed, Weather Bureau, Washington] 


Hellmann's well-known investigations of the behavior 
of certain seasons over long periods (severe and mild 
winters, warm and cool summers, etc.) will always be of 
great importance as meteorological histories of large and 
small areas, respectively; one of the last of these valuable 
works treats of severe winters at Berlin during the period 
from 1766 to 1917. It presents a series of significant 
results, which have been summarized in clearly arranged 
manner in the work, “ Uber strenge Winter’’ (Sitzungber- 
whte der Preussischen Akademie der Wissenschaften, 
Dezember 1917, Nr. LIJ). As a criterion in determining 
severe winters, Hellmann employs the sums of the 
negative daily temperature means for the months from 
November to March. 

At about the same time that Hellmann’s work ap- 
peared, I sought to classify the severe winters for the 
rather limited region of southern Germany and Switzer- 
land, extending the investigation as far as possible into 
the past. Reliable temperature records for the earlier 
centuries are, of course, not available; however, I could 
well take very unusual lake and river freezing as a crit- 
erion of winter severity. The extremely severe winters, 
when for months at a time everything was frozen solid 
and for weeks all of the large lakes north of the Alpine 
divide were frozen over so thick that heavy wagons 
could cross, are well remembered. We have a series of 
reliable weather records, made by well-qualified writers ” 
dating far back into the fifteenth century. By critical 
examination of these we can determine the severe winters 
as indicated by unusual freezing of the lakes in southern 
Germany and Switzerland. In thus classifying the 
severe winters we avoid the known inaccuracies in old 
temperature records (due to instrumental error, method 
of exposure, etc.) which affect comparisons and often 
prove troublesome. 

From the long duration of lake freezing in the severe 
winters of 1829-30, 1879-80, and 1890-91 we know 
very reliably that there must be a negative temperature 
total (November, December, and January) of at least 
350° to 400° C. for the lakes to be enbieaby. frozen over 
for weeks. In the severest winters at Berlin from 
1766 to 1917 the sums of the negative daily temperature 
means from November to March ranged from 683° 
to 321° C. In the data for northern Germany there 
appears very plainly a great climatic oscillation. In the 
period from 1788 to 1845 there was an unusually large 
number of severe winters, among these some of the most 
severe on record, while since that period the number of 
such winters has shown a marked decrease. In the 58 
years from 1788 to 1845 Hellmann counts 17 very severe 


1 Translated from Meteorologische Zeitschrift, Band XLI, Heft $ (March, 1924), by 
W. W. Reed, Washington, D. C., May 19, 1924. 

4 The third volume of “‘ Der Sammler in den Alpen,” Md J. M. Schirmer, is a valuable, 
though not well-known, source of weather records. This manuscript contains a rich 
collection of interesting Swiss weather reports covering the period from 1600 to 1800. 

8 In the severe winter of 1879-80 the sum of the negative daily temperature means at 
Zurich was 400° C. for the period from Nov. 1 (?) to Jan. 22, when the lake was frozen 
over entirely; the number of Frosttage, days with mean temperature below 0 C., was 79 
from Nov. 1to Feb. 10. For the same winter Arnet gave the total of negative tempera- 
ture means at Lucerne from November to the end of February as only 430° C. and the 
number of Frosttage as 76. In the long winter of 1890-91 the negative temperature total 
at Zurich was 365° C., with 56 Frosttage from November to Jan. 21, the date of freezing. 
The total of negative temperatures at Zurich from November to the end of February 
was 458° C., while at Lucerne that from Nov. 26 to Feb. 22 was 426° C. on 84 Frosiiage. 
The thickness of the ice on the lower part of Lake Zurich was 6 cm. on Jan. 22 and 14 
cm. on Jan. 30, 1891, while the river ice at the outlet had a thickness of 40 cm. 
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winters and in the 71 years from 1846 to 1917 only 6. 
In the past 60 years there has been a marked relative 
increase in the number of mild winters in northern 
on and also in southern Germany and Switzer- 
and. 

For the same period (from 1788 to 1845) the number 
of severe winters in southern Germany and Switzerland 
is found to be quite different—only 3 (1788-89, 1799, 
and 1829-30). Bom this it is seen ae totally different 
conditions may be even in the limited region includin 
Germany and Switzerland. The 89-year period o 
recurrence of cold winters in middle (and western) 
Europe found by Easton has, therefore, no claim to 
general validity; it does not take imto consideration 
the conditions just mentioned.‘ 

If we make a critical study of the reports on severe 
lake and river freezes, we find the following series of 
severe winters in south-central Europe since the year 
1400: 


Severe winters in south-central Europe 


1400-1500 | 1500-1600 | 1600-1700 | 1700-1800 | 1800-1900 


1407-8 | 1513-14 | 1599-1600 | 1708-9 | 1829-30 | 
| 1434-85 | 1516-17 1608-9 1717-18 | 1879-80 
| 1448-44 | 1550-51 1659-60 1737-40 | 1890-91 

1460-61 | 1562-63 1683-84 1754-55 | 1894-95 | 
1464-65 | 1564-65 1684-85 1708-48 
| 1468-69 | 1570-71 1694-95 1708-80 | 


Another grouping may be given as follows: 


15 severe winters in 153 years. 
4 severe winters in 92 years. 
4 severe winters in 123 years. 


From 1770 to 1923, in a period of 154 years, we count 
only 6 severe winters in South Germany and Switzer- 
land, while from 1788 to 1845, in a period of only 58 
years, Hellmann notes 17 such winters in northern 
Germany. 

The exceedingly small number of severe winters (4) 
in Europe from 1800 to 1923 certainly 
permits the conclusion that an offsetting will follow in the 
coming century; of course it is difficult to predict in what 
year this will begin. 

An interesting circumstance is to be mentioned here 
Since the past summer there has been extremely little ac- 
tivity on the surface of the sun. Evidently the sun-spot 
minimum is rapidl ; indeed, according to 
the data recorded by Professor Wolfer at Zurich, it has 
already arrived. From all investigation we have these 
facts: Well-defined epochs of least solar activity since 
1610 are known from Wolfer’s table, the last sun-spot 
minimum occurring in 1913. Since the year 1600 the 
surface of the sun has been seen in its state of minimum 
activity 28 times. During the appearance of these sun- 
spot minima for more than 300 years it has happened 
only once (in 1754-55) that a severe winter in south- 
central Europe coincided with the epoch of sun-spot 
minimum. long, servere winter at this time (1923-24) 
would therefore certainly be an anomaly in our latitude. 

The large number of mild winters and the small number 
of very cold winters in south-central Europe since 1800 
indicates a kind of “climatic oscillation,” whose cause lies 
completely hidden. 


Eine 89 jahrige Periode in der Witterung,”’ Meteorologische Zeitschrift, 
1918, S. 98. 
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NOTES, ABSTRACTS, AND REVIEWS 


GAIN AND LOSS OF TIME WHEN FLYING WITH AND 
AGAINST THE WIND 


By W. J. Humpureys 


It is natural, perhaps, at first thought, to imagine 
that the time of a round-trip flight over a straight course 
is the same, other things being equal, regardless of the 
velocity of the wind along that course. At any rate, 
many seem to think that the time gained by flying with 
the wind a given distance is exactly equal to the time 
lost by flying the same distance against a wind of equal 
strength. 

This is an error, and though easily seen it may be 
worth while to get a simple general expression for the 
time arg when flying with the wind, the time lost 
when flying against it, and the difference between the two. 

Let / be the length of the course in miles; w and s 
the strength of the wind and speed of the airplane in 
still air, respectively, in miles per hour. 

Then, in terms of hours: 

Time in still air —J/s. 

Time with wind =l1/(s+w). 

Time against wind = //(s— ww). 

Gain with wind =1/s—1/(s+w) =lw/s(s+w). 
Loss against wind =//(s—w) —l/s=lw/s(s—w). 
Loss minus gain = 2lw*/s(s?—w*). 

During equal intervals of time, however, the gain of 
distance with the wind is equal to its loss against the 
wind, and in each case is at the rate of w miles per hour. 

Of course, all this is both obvious and old; neverthe- 
less it may, perhaps, be a helpful hint to some who have 
not yet thought of everything that is obvious. 


ON THE SEAT OF ACTIVITY IN THE UPPER AIR 


By P. C. MAHALANOBIS 


{Abstracted from Memoirs of the Indian Meteorological Department, Vol. XXIV, Pt. 1, 
Caleuta, 1923, 


Dines and Shaw, upon the basis of relationships be- 


tween surface and free-air pressures and other elements, 


as indicated by correlation coefficients, have reached the 
conclusion that the seat of origin of pressure changes lies 
in the substratosphere and the region above. Exner, 
Hesselberg, Képpen, Wedemayer, and C. K. M. Douglas 
have investigated the problem from the physical stand- 
point, and there is considerable controversy as to the 
validity of the conclusions that have been drawn. The 
author examines Dines’s data from the statistical stand- 
point. 

Dines infers that the pressure at the 9-kilometer level 
is the controlling variable, since the average numerical 
values of the correlation coefficients involving that factor 
are higher than those of any of the other variables. The 
author attacks the problem by attempting to determine 
the — at which the numerically greatest coefficients 
of correlation will occur. 

ae with the hypsometric equation, the author 
arrives at the following identity: 

B=b/a=P.Z/ 

in which P, is the pressure at sea-level, Z the length of 
the air column, and 7, the mean temperature of the air 
column up to the height z. Transforming his equations 
into expressions involving correlation coefficients, it is 
found that the value of Z may be determined from the 
equation above when appropriate values of B are used, 
and these appropriate values of B must make the sum 
of the coefficients a maximum. This leads to 


B=s, (rR, — (22, — R,), 
the several factors being defined as follows: 


s, and s, are the standard deviations of sea-level pres- 
sure and mean temperature of the air column from 1 mk. 
to 9 km.; 

r,, is the correlation coefficient between sea-level pres- 
sure and the mean temperature from 1 km. to 9 km.; 

R, is the sum of the coefficients of correlation between 
sea-level pressure and any other variable z,; and 

R, is the sum of the coefficients of correlation between 
mean temperature of the air column between 1 km. and 
9 km., and any other variable zp. 

Now, using Dines’s data and the last equation above, 
values of B are found, whence correlation coefficients may 
be computed between the pressure at z km. and the 
various elements, sea-level pressure, mean temperature 
of the air column, 1 km. to 9 km., pressure at 9 km., 
height of the stratosphere, and temperature of the strato- 
sphere, for which Dines has given values using pressure 
at 9 km. instead of at z km. e author’s “constructed” 
set gives a value 14.7 per cent higher than Dines’s. 

To get at the values of B appropriate to various heights 
for use in Southeast En and, the author takes tempera- 
ture data from Geophysical Memoir No. 13, and assumes 
P, to be 1,014 mb., which, as will be seen from the first 
equation given above, will enable him to compute B for 
various heights, independent of Dines’s coefficients. 
From values of B previously derived from Dines’s coeffi- 
cients, corresponding heights are calculated on the basis of 
the above temperature gradients and sea-level pressure. 
The result, based thus on Dines’s data, indicates, in the 
author’s words, “that the region from 2 to 4 km. is statis- 
tically more important than the region from 7 to 11 km. 
If statistical importance implies any causal or physicel 
significance, then the region from 2 to 4 km. seems to 
have better claims to be considered the seat of activity 
* * * than the substratosphere and the regions above.” 

The final portion of the paper is given to a brief discus- 
sion of Dines’s treatment of partial correlation and par- 
tial regression coefficients of various orders in which sev- 
eral discrepancies between Dines’s and the author’s con- 
clusions appear. This portion is not directly pertinent to 
the main discussion, hence will not be treated in ab- 
stract.—C. L. M. 


ICE IN THE ARCTIC SEAS, 1923 
{Reprinted from Nature London, May 3, 1924] 


The Danish Meteorological Institute has published its 
well-known report on the state of the ice in the Arctic 
seas for 1923. In many respects the year was an ex- 
ceptionalone. In the Kara Sea conditions were unusually 
favorable, for not only the southern part ice-free in July, 
but also practically the whole sea was clear of ice in 
August and September, and probably much of October. 
The Barents Sea was unusually clear from April to the 
end of summer. In August there was open water to 
Franz Josef Land and the Wiche Islands and well to 
the north of Spitzbergen. Around Spitzbergen the ice 
conditions were also somewhat exceiptional. Bear Island 
was clear of pack by the end of April, and the west coast 
of Spitzbergen had no ice of significance from May until 
November. The north coast was so free from ice that 
Spitzbergen was circumnavigated with comparative ease. 

hile reports from the east coast of Greenland were few, 
there is evidence that ice conditions in that region were 
bad and that the ice was packed closely against the coast. 
In spring and early summer there was an unusual quan- 
tity of ice on the Newfoundland banks, but in Davis 
Strait the ice was scarce. Scantiness of information 
from many Arctic seas necessarily detracts from the value 
of this annual record, but it represents the only systematic 
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collection of data relating to ice movements in which it 
may be possible in time to recognize some periodicity in 
occurrence. 

RARE LUNAR HALO PHENOMENA 


Mr. P. Connor, in charge of the United States Weather 
Bureau station at Kansas City, Mo., reports that at 
8:20 p. m., April 16, 1924, a bright paraselene was 
observed on a segment of a 22° lunar halo for about 15 
minutes. The colors presented by the paraselene varied 
from bright white to pink, the latter on the side next the 
moon. Between 2 and 3 a. m., on April 17, Mr. John 
Macy, of Woodston, Kans., observed a very bright 
paraselenic circle and the upper half of the 22° halo, 
together with bright 22° and 120° paraselene; neither 
the halo nor the paraselenic circle extended beyond their 
points of intersection; otherwise they were complete. 


BALL LIGHTNING 


The phenomenon of ball lightning is believed to have 
been observed by Mrs. R. V. Zimmerman at her home 


Apri, 1924 


about 10 miles northeast of Charles City, Iowa, at 9 P- m. 
March 28, 1924. Mr. E. G. Larson, in charge of the 
Charles City Weather Bureau office, transmits Mrs. 
Zimmerman’s account of the phenomenon, which is 
substantially as follows: 


On Friday evening, March 28, about 9 o’clock, I saw in the 
southwest a light which at first was thought to be a reflection from 
the electric lights of Charles City, but it seemed brighter than 
those lights. After watching it for a time, I called my 14-year-old 
daughter and we agreed that it might be a fire. The fire, if it 
were such, would rise and fall, then suddenly it shifted to one side 
for as much as a rod and started to come toward the house; as it 
kept coming closer, I again called my daughter and she again 
confirmed my impression. By this time it was almost to our 
lane and moving slower; it stopped in the road just outside the 
lane for perhaps a minute and a half or two minutes. It appeared 
to be a globe of white light about the size of an ordinary lantern 
globe. The light from it was reflected perhaps 3 rods, and it seemed 
to rest about 2 or 3 feet above the ground. By this time we were 
both thoroughly frightened. As quickly as it had come it began 
to recede to where it was first seen. We watched it for a short 
time longer; it would come toward us a little way and then re- 
recede—A. J. H 
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SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
APRIL, 1924 


By Herpsert H. In Charge, Solar Radiation 
Investigations 

For a description of instruments and exposures and 
an account of the method of obtaining and reducing the 
measurements, the reader is referred to the Review for 
January and February, 1924, 53: 42 and 113. 

From Table 1 it is seen that solar radiation intensities 
averaged close to normal values for April at all three 
stations. 

Table 2 shows that the total solar and sky radiation 
received on a horizontal surface averaged close to normal 
at Washington; below normal at Madison, and above 
normal at Lincoln. 

Skylight polarization measurements made on 8 days 
at Washington give a mean of 58 per cent, with a maxi- 
mum of 62 per cent on the 23d. Measurements ob- 
tained on 2 days at Madison give a mean of 64 per cent, 
with a maximum of 69 per cent on the 18th. These are 
slightly above the average April values at the respective 
stations. 


TaBLE 1.—Solar radiation intensities during April, 1924 
{Gram-calories per minute per square centimeter of normal surface] 
Washington, D. C. 


Sun’s zenith distance 
8a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° |Noon 
Date 

75th Air mass Local 
mer 

time A.M P.M. 

e | 5.0 | 40 | 3.0 | 2.0 | 110] 20 | 30] 40 | 50] e 

mm,} cal. | cal cal cal. | cal. | cal. | cal. | cal. | mm 
0.61 01) 1.33) 1. 0.98} 0.75) 0.54 2.74 
3.81 0.69} 0.80 3. 63 
pews 0.71} 0. 1.06) 1. 1.06) 0.92! (0.78) 0.6) 
epartures +0. 01)+ —0. 01/+-0. 02} —0. 02)-+-0. 02 +0. 


TaBLE 1.—Solar radiation intensities during April, 1924—Contd. 


Madison, Wis. 
Sun’s zenith distance. 
8 a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° |Noon, 
sins 75th Air mass. Local 
mer 
time A.M P.M time 
e 5.0 4.0 3.0 | 2.0 1.0 | 2.0 3.0 4.0 | 5.0 e, 
m,| cal, | cal. | cal. | cal. | eal, | cal cal.| cal cal, | mm 
Lincoln, Nebr. 
1.17 1. 32! 1.51) 1.24) 1.07) 0.94) 0.84) 2.87 
Te 9.83} 0.77; 0.88) 1.03) 1.21) 1.44) 1.12) 0.93) ©.78) 0.65) 8.18 
0.74) 0.82) 0.98) 1.20, 1.45) 1.20 1.02) 0.88) 
—0. 02|—0. 02|—0. +0. 02)+-0. +0. 
1 Extrapolated. 
TaBLE 2.—Solar and sky radiation received on a horizontal surface, 
Average daily departure 
Average daily radiation 
nn. 
Wash) Madi-| Lin- | Chi- | New | WSS""| Madi-| Lin 
ton | son | coln | cago | York ton son | coln 
| | 
1924 cal. | cal. cal cal. | cal cal. cal. cal 
458| 383) 525/ 340 +67| +88 
381 479 +86} +126 
356 | 289 561 232 | 1250 —67 -—-123 +120 
SRM: Hea 560 | 301 424 237 | 506 +122 — 132 —33 
Excess or deficiency since first of yearon Apr. +1, 410 |—3, 592 +846 


1 Six days only. 
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WEATHER OF NORTH AMERICA AND ADJACENT OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


The average pressure for the month did not differ 
materially from the normal at a number of land stations 
on the coasts and islands of the North Atlantic, as shown 
in the following table. The sea-level pressures are for 
8 a. m., 75th meridian time, while the departures are 
only approximate, as the normals were taken from the 
Pilot Chart, and are based on observations at Green- 
wich mean noon, which corresponds to 7 a. m., 75th 
meridian time. 


Station | Average | Depart- 


pressure ure 
| 
4 | Inches Inches 

29. 79 —0. 01 


The number of days with winds of gale force was con- 
siderably greater than usual over the southern steamer 
lanes, between the 30th and 50th meridians. Over the 
remainder of the ocean approximately normal weather 
was the rule, with the exception of the waters adjacent 
to the European coast, where gales were rare, being re- 
ported on from 1 to 2 days only. 

Judging from reports received from the greater part of 
the ocean, the number of days with fog did not differ 
materially from the normal, as shown on the Pilot Chart. 
In the Gulf of Mexico, however, fog was unusually 
frequent for that locality, being reported on 7 days; in 
the region between the Azores and Gibraltar it was 
observed on from 1 to 2 days. 

On the Ist and Zd a moderate ‘‘norther’’ was reported 
from the Gulf of Mexico, accompanied by the compara- 
tively high barometric readings usual in heavy winds of 
that character. 

On the 2d there were also two well-developed cyclonic 
disturbances in northern waters; the first central between 
Portland and Nantucket, and the second near latitude 
48° N., longitude 35° W., while moderate to strong gales 
swept the steamer lanes west of the 35th meridian. On 
the 3d the western Low was over Newfoundland, and 
continued in its northeasterly movement, 
although it was impossible to locate the position on the 
4th, due to lack of observations. The second disturb- 
ance moved slowly in an east-southeasterly direction, 
moderating somewhat from day to day, and by the 5th 
the center was about 5° west of Lisbon, while on the 4th, 
northerly gales prevailed to the southward and eastward 
of the Azores. Storm logs: 


American 8. 8. Bibbco: 

Gale began on the Ist, wind W. Lowest barometer 29.80 inches 
at 11:30 p. m., on the Ist, wind W., 8, in latitude 37° 06’ N., 
longitude 68° 55’ W. End on the 2d, wind W. 9. Highest force 
of wind 9; shifts SW.-—W.-SW.-W. 


British S. S. Kenbane Head: 


Gale began on the 2d, wind N. Lowest barometer 29.10 inches 
at 3 a. m. on the 2d, wind N. 10, in latitude 49° 40’ N., longitude 
38° 50’ W. End on the 3d, wind N. Highest force of wind 10, 
N.; shifts N.-NNW. 


American S. S. Hera: 


Gale began on the 2d, wind NNW. Lowest barometer 29.95 
inches at 11:45 p. m. on the 3d, wind NNW. 7, in latitude 39° 55’ 
N., longitude 27° 45’ W. End on the 5th, wind NNE. Highest 
foree of wind 9, NNW.; shifts NNW.—-NNE. 

On the 7th a severe disturbance of limited extent was 
off the American coast between the 35th and 40th paral- 
lels, and the daily weather map of that date shows for 
New York a northwesterly wind of 52 miles an hour, 
and for Nantucket a southeasterly wind of 48 miles an 
hour, with rain. This Low moved slowly eastward, 
developing its greatest intensity on the 10th, when near 
latitude 33° N., longitude 50° W.; on the 13th, while 
central about 5° west of Horta, Azores, it began to fill 
in and lose intensity. Storm log: 

American S. S. American Press: 

Gale began on the 10th, wind WSW. Lowest barometer 29.63 
inches at 9 a. m., on the 10th, wind S. 10, in latitude 35° 30’ N., 
longitude 42° 55’ W. End on the 11th, wind NW. Highest force 
of wind 10; shifts S-WSW.-SW.-NW. 

On the 14th a moderate disturbance, limited in area, 
was central near latitude 35° N., longitude 45° W. 
This, moving eastward, was by the 15th in the vicinity 
of latitude 40° N., longitude 40° W., with moderate to 
strong easterly gales in the northerly quadrants. From 
the 15th on this Low apparently decreased in force during 
its slow easterly drift. 

On the 15th a second and much deeper depression was 
over Newfoundland; this also moved slowly eastward and 
on the 19th was somewhere in the vicinity of latitude 50° 
N., longitude 40° W. During this period gales were 
prevalent over the greater part of the ocean west of the 
twenty-fifth meridian, while hail and snow were reported 
by a number of vessels in this region. Storm log: 

Dutch S. S. Burgerdik: 

Gale began on the 16th, wind NNW. 7. Lowest barometer 
29.71 inches at 10 p. m. on the 18th, wind NNW. 8, in latitude 


38° 37’ N., longitude 54° 33’ W. End on the 19th, wind NNW. 6. 
Highest force of wind 9; steady NNW. 


On the 19th Portland, Me., was near the center of a 
depression that was remarkable for its regular easterly 
movement across the ocean. On the 27th this depression 
was off the coast of Great Britain. From the 19th to 
21st gales of hurricane force were reported from a limited 
area over the western section of the ocean, as shown by 
the following storm log: 

American 8. S. President Hayes: 

Gale began on the 19th, wind NW. Lowest barometer 29.17 
inches at 2 a. m. on the 19th, wind SW., in latitude 39° 15’ N., 
longitude 58° W. End on the 21st, wind N. Highest force of 
wind 12, W.; shifts S.-_NW. 

Charts VIII to XIII cover the period from the 22d to 
27th, inclusive, and show the progress of the above- 
mentioned disturbance between these dates. 

The American 8S. 8S. Jowan, Captain Laverge, observer, 
J. B. Macomber, en route from San Pedro to New York, 
observed waterspouts on the 25th and 26th, as shown in 
the following report: 

At 10 a. m. (apparent ship’s time) on the 25th sighted large 
waterspout 1 mile off Cape Maysi, Cuba, very active. Ships 
ae at 7 a. m. on the 25th, latitude 18° 31’ N., longitude 74 

At 6 a. m. on the 26th sighted large rain cloud over Castle Island, 
with large waterspout. Within 20 minutes there appeared seven 
spouts in one cloud, all large and very active. At sunrise they 

adually disappeared and heavy rain fell on Castle Island and 

ortune Island, while none fell on the ship, 1 mile from the latter 
island. Ship’s position at 7 a. m., on the 26th, latitude 23° 16’ N., 
longitude 74° 20’ W. 
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On the 28th there was a deep depression central near 
latitude 48° N., longitude 35° W.. which was apparently 
surrounded by moderate winds only. This increased in 
intensity during its easterly movement, and on the 29th 
winds of hurricane force were encountered in a limited 
area near the 50th parallel, between the 20th and 30th 
meridians. Storm log: | 

British S. S. Michigan: 

Gale began on the 28th, wind WSW. Lowest barometer 29.29 
inches at 11 p. m. on the 28th, wind WSW. 11, in latitude 50° 32’ N., 
longitude 27° 40’ W. End on the 30th, wind W. Highest force of 
wind 12; shifts SW.-WSW.-W. 

On the 30th this Low was over the British Islands and 
had begun to fill in. On the 30th there was a second dis- 
turbance central near latitude 45° N., longitude 40° W., 
and vessels in the southerly quadrants reported westerly 
gales of force 8-10. Storm log: 

German S. S. Albert Ballin: 

Gale began on the 29th, wind SSE. Lowest barometer 29.38 
inches at 2 a. m. on the 30th, wind SW. 8, in latitude 44° 10’ N., 


longitude 37° 32’ W. End on the 30th, wind NW. Highest force 
of wind 11, W.; shifts SW.-WSW.-W. 


SOUTH ATLANTIC OCEAN 


By Ausert J. McCurpy, Jr. 


Weather reports received from vessels that traversed 
the southern shipping routes in April, 1924, indicate 
that stormy conditions prevailed off the South American 
coast in the first and last decades of the month. 

During the first of these periods three vessels encoun- 
tered fresh to whole gales. These were the German S. S. 
Bayern, and the British steamships Damerara and Gloria 
de Larrinaga. 

The Damerara, Capt. T. A. Hill, proceeding from Brazil 
toward Liverpool, on the Ist encountered a westerly gale 
accompanied by heavy rain squalls.. Mr. A. Hambly, 
fifth officer, reports that the lowest pressure observed 
was 29.56 inches, this occurring at 2 p. m., in the River 
Plate. The wind at this time was WNW., force 8, 
thence shifted to W. by S., and increased to a strong gale. 
This gale ended on the 2d, wind W. by S. est 
force of wind 9. 

On the 2d the Bayern, Capt. H. Molchin, proceeding 
from Hamburg to Buenos Aires, encountered the same gale 
while in 35° S., 54° W., reporting conditions similar to 
those experienced by the Damerara. Mr. K. Schubert, 
observer, states that the lowest barometer, 29.52 inches, 
was recorded at 4 a. m., on the 2d. The wind at this 
time was W. by S., force 11. 

On the same date the Gloria de Larrinaga, Capt. J. J. 
Doyle, proceeding from Cardiff to Buenos Aires, came 
within its influence, experiencing west-northwesterl 
winds, force 8, accompanied by high seas. Mr. F. “4 
O’Hara, 2d officer, reported the sata observed pressure, 
29.67 inches, occurring in 32° S., 51° W. This gale 
ended on the 3d, wind SW. by S. 

The Danish S. S. Nevada, Capt. K. R. Fischer, pro- 
ceeding from Buenos Aires to 
26 encountered a westerly gale accompanied by heavy 
squalls and rain. Mr. K. ne Kjolhede, observer, states 
that the lowest pressure observed was 29.96 inches (un- 
corrected), occurring at 10 a. m., in 29° 16’ S., 47° 07’ W. 
The wind at this time was W., force 10. Similar condi- 
tions continued throughout the 27th. 
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NORTH PACIFIC OCEAN 
By Witus E, Hurp 


During April there was a considerable decrease in 
storm intensity on the North Pacific over that of the 
preceding month. Many liners reported no storm winds 
whatever, while the majority of those vessels recording 

ales observed no forces exceeding 9. Occasionally a 
orce of 10 indicated some increase in cyclonic or anti- 
cyclonic activity, and on one date, the 29th, a full hurri- 
cane wind of several hours’ duration was encountered. 

A considerable amount of precipitation occurred over 
some aréas, noticeable in the Hawaiian and eastern 
tropical regions, and snow and sleet fell in higher latitudes 
on several scattered days throughout the month. Along 
the coast of the United States from San Francisco north- 
ward rainfall was deficient. 

Apart from the prevalence of the Aleutian cyclone 
over the Gulf of Alaska, no cyclonic storms of much im- 
portance appeared in American coast waters. From the 
14th to the 17th moderate gales occurred along these 
shores between the 40th parallel and Cape San Lucas, 
due to the considerable gradient between the eastern 
North Pacific high pressure area and a cyclone then 
central over the Western States. 

On the 20th low pressure began forming on the eastern 
boundary of the H1eH, or near 35° N., 135° W., and on the 
21st and 22d moved in upon the continent. This condi- 
tion resulted in moderate to strong gales along the coasts 
of Washington, Oregon, and northern California from 
the 22d to the 24th. The maximum force recorded was 
10 from the north on the 22d, experienced by the Nor- 
wegian S. S. Ranenfjord while steaming up the coast in 
latitude 40° 58’ N., paMeien 124° 40’ W. 

To the southward of Cape San Lucas the winds were 
for the most part light during April, calms and variables 
being frequent, but northwesterly winds being prevalent. 
Over and to the southward of the Gulf of akantenes 
north to northwest gales of forces 8 to 9 were reported on 
the 17th, 18th, anil 19th, accompanied by a slight fall 
in pressure. 

he northeast trades prevailed in the Hawaiian region. 
Some slight depressions appeared in this area, and that 
of the 6th gave Honolulu a maximum wind velocity for 
five minutes of 48 miles an hour from the southwest, this 
breaking previous records for the month. This was the 
wettest April on record here, as well as the second 
cloudiest. On the 2ist and 22d another depression 
entered the Hawaiian area. It, however, gave very 
little wind, but did produce an extraordinary downpour of 
rain which amounted to 7.99 inches at Honolulu durin 
the two days. The depression had moved northwar 
into the sphere of the Aleutian Low by the 25th. 

In the Far East a few continental Lows entered upon 
the Pacific. One on the 1st to 3d from northern Japan 
caused moderate gales of forces 7 to 9 which were ex- | 
perienced by vessels to the eastward of the archipelago. 
A depression which left China near the 30th parallel on 
the 5th also caused moderate gales on that and the 
following day over neighboring waters and to the south- 
ward of Japan. No high winds from depressions of 
later date in this general region have been reported. 

The Aleutian Low, as a fluctuating storm area, was 
well defined almost throughout the month, with its 
center of activity lying east of the Alaska Peninsula 
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during an irregularly distributed two-thirds of the time 
and mostly over the northern part of the Gulf. For 
the other third of the period the center was over Bering 
Sea. Lows prt 3 into western Canada from this 
region on the Ist, 5th, 11th, 15th, 17th, 20th, and 27th. 

e lowest observed land-station pressure for the month 
was 28.86 inches, at Kodiak on the 26th. The minimum 
recorded by a vessel at sea was 28.92 inches, on board 
the Japanese S. S. Alaska Maru in 44° 21’ N., 147° 13’ 
W., on the 29th. On the same date the American S. S. 
Oduna, in latitude 55° 51’ N., longitude 145° W., had a 
barometer reading of 28.97. These instances indicate 
the great extent of the area covered by very-low pres- 
sure. 

The eastern North Pacific HigH was best established 
during the first 20 days of April. Thereafter it was 
considerably broken up, during the last five days 
largely by the southward swing of the Aleutian cyclone 
from the Gulf of Alaska. 

Pressure at Dutch Harbor averaged 0.16 inch below 
normal during the first half of the month and 0.19 inch 
above during the last half. For the month (29 days) the 
average pressure, based on p. m. observations, was 29.86 
inches, or 0.01 inch above normal. The highest pressure, 
30.40, was recorded on the 17th and 20th: the lowest, 
29.16, on the 3d. The average pressure at Midway 
Island was 30.11 inches, or 0.02 inch below normal. The 
highest reading, 30.30, was recorded on the 26th; the 
lowest, 29.86, on the 30th. At Honolulu pressure was 
continuously below normal from the 3d to the 23d, the 
average daily departure (p. m. observations) being —0.09 
inch. The tas pressure for the month was 30.01 
inches, or 0.05 inch below normal. The highest reading, 
a recorded on the 29th; the lowest, 29.85, on 
the 6th. 


Apri, 1924 


is observed that a greater part of the northern steams 
routes had more gales on the Ist, 2d, and 3d than on any 
other day or period of days during the month. These 
gales did not as a rule exceed 8 or 9 in force, but they 
were ene by frequent snow squalls in higher 
latitudes and raised high seas both east and west of the 
180th meridian. 

The American S. S. West Cayote, Capt. L. Johnson, 
bound from Portland toward pe ty encountered 
rougher weather probably than any other vessel making a 
trans-Pacific voyagein April. From the Ist to the 10th, or 
during most of the westward passage, she passed through 
a succession of westerly to northerly gales, which did not, 
however, exceed 9 in force. Her lowest observed pressure 
was 29.01 inches in 52° 17’ N., 163° 05’ W., on the 3d. 

There was little storm activity reported for the greater 
body of the ocean from the 10th to the 25th. The max- 
imum number of stormy days occurred over and to the 
southward of the Gulf of Alaska, as might be inferred 
from the greater prevalence there of the Aleutian cyclone, 
especially during the last week. This cyclone reached its 
peak of severity on the 29th, at which time the S. S. 
Alaska Maru experienced her lowest pressure, as already 
noted, and also sustained a west-southwesterly wind of 
hurricane force from 4 p. m. until midnight, near 44° N., 
147° W. This was the only gale of the month, so far as 
known, to exceed 10 in force. 

Fog, especially in east longitudes, along the sailing 
routes, showed a decided increase in percentage over that 
of March. It was observed along practically the entire 
China coast on the 10th, and in the neighborhood of 
Shanghai continued until the 16th. Fog also occurred 
on several days along the American coast, being noted 
from Puget Sound southward to near Acapulco. 


Aside from the storm conditions previously otros Ba 
Pp 


DETAILS OF THE WEATHER IN THE UNITED STATES 


GENERAL CONDITIONS 
By Aurrep J. Henry 


A warm dry month on the Pacific coast, also warm in 
the great interior valleys; elsewhere the temperature was 
close to the normal. More than the normal precipitation 
in Atlantic coast States and in some of the Gulf States, 
also in the upper Mississippi Valley. See the inset on 
Chart IV. e usual details follow. 


CYCLONES AND ANTICYCLONES 
By W. P. Day 


The movement of the low-pressure areas during the 
month of April, 1924, was even more erratic than usual 
for a month which has long been characterized by 
halting, undecided, and abnormal storm movements. 
One storm, which developed over Nevada on the 22d, 
after moving eastward in the normal manner to north- 
western Missouri, turned northward and northwestward 
and finally dissipated over northeastern Montana. In 
this case the air flow within the Low was diverted by the 
intrusion to the east of a large area of high barometric 
pressure from the Hudson Bay region. A large number 
of the low-pressure areas had the so-called trough forma- 
tion in which the point of lowest barometer is a rather 
indefinite and shifting phenomenon. One of the most 
severe storms of the month on the Atlantic coast sud- 
denly developed in the southern end of one of these 
troughs during the 6th in the vicinity of the Virginia 


FREE-AIR SUMMARY 
By V. E. Jaki, Meteorologist 


Capes, moved northeast to New England, and thence 
eastward into the Atlantic. 

The average free-air conditions over that portion of the 
country represented by aerological stations were prac- 
tically normal in all respects. This is evidenced by 
Tables 1 and 2, from which it will be noted that the 
wee from the normal were slight for all elements, 
although there were a few exceptions. Such exceptions 
were plausibly accidental rather than real, owing to the 
circumstance of observation. As kite flights are depend- 
ent upon suitable wind and weather, observations by 
means of them can not be carried on even to moderate 
altidudes with the regularity characteristic of surface 
meteorological work. The scattered departures of appar- 
ently decided value noted in Tables 1 and 2 need not 
therefore merit other than passing notice. 

Such slight temperature departures as recorded in the 
general averages are in close agreement geographically— 
also in character and amount—with the surface depart- 
ures that appear on Chart III. Inferentially, the causes 
contributing to the observed average temperatures oD 
the ground extended aloft to the upper limit of observa- 
tion. For _—, the principal periods of cool weather 
east of the Rocky Mountains, in so far as they are re- 
vealed in aerological records, occurred on the Ist-2d, 
9th-10th, and 17th-18th. Kite flights made at stations 
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that were successively within the influence of the HigHs 
of which these cool waves were attendant features inva- 
riably showed temperatures below normal throughout the 
vertical column of air sounded. This is in distinction to 
the common effect of cold-wave nicus of the winter 
months, which frequently, particularly in their earlier 
stages, cause marked falls in temperature in the lower 
levels only. Days with temperature above normal were 
not quite so well defined into periods, nor in scope of area 
covered by aerological stations, but in most cases the 
record of kite flights on warm days also showed parallel 
vertical temperature departure; i. e., a positive departure 
at all levels. The most conspicuous examples of abnor- 
mally warm winds of considerable depth and covering an 
extended area, are shown by the records of Broken 
Arrow, Drexel, and Ellendale, on the 15th and 24th. 
On both dates these stations were in the front of a well- 
defined trough of low pressure. 

The month can be considered a normal one only from 
the standpoint of the average values as shown in the 
appended tables, inasmuch as there was frequently a 
marked tendency to rapid development of threatening 
weather. To this feature of the month, among other 
abnormalities in the sequence of weather conditions (see 
other sections of this Review), can be attributed some 
observations made at a number of stations on scattered 
dates under rather unusual circumstances. At two 
stations, Ellendale and Royal Center, flights were made 
in threatening weather that resulted in portions of the 
steel kite line being destroyed by lightning or overcharge 
of static. The following extract is taken ian the report 
of the Ellendale station: “On April 4, with six kites 
and 6,500 meters of wire out, a thunderstorm developed 
suddenly. As much speed as possible was made in 
reeling in, and it was not until we had reeled in to 3,500 
meters that the lightning struck the wire. In this 
instance the kite wire was not fused, but only burned and 
distempered. This weakening of the wire was followed 
by a breakaway. The two men making this flight were 
standing near the reel, but not touch it, when the 
lightning struck.’”’ On this date Ellendale was in a 
position midway between a Low to the southwest and a 
HIGH to the northeast, with winds that may be said to be 
appropriate to that position; i. e., the wind veered from 
east on the ground to southwest at 3,000 meters, and to 
west at the altitude of the A. St. clouds at 4,800 meters. 
The record shows that at first the temperature rose and 
fell irregularly from the ground to 1,700 meters, above 
which there was an unbroken lapse rate exceeding the 
adiabatic for saturated air, and a regular increase in 
humidity, the lowest temperature, and a humidity of 
nearly 100 per cent being recorded at 4,000 meters, the 
upper limit of observation. Later, or about the time 
the discharge took place, humidity had increased to 100 
per cent throughout the column of air above about 2,000 
meters, and St. Cu. clouds had developed. In this 
region, above 2,000 meters, convection evidently occurred 
causing precipitation which in turn caused the high 
electric charge, the previously dry air in this region 
needing only the bringing in of moisture to make the 
existing lapse rate eflective to cause convection. No 
appreciable rain fell, however, until after the maximum 
temperature had been attained in the lower levels, and 
the inversions obliterated, after which the lapse rate was 

labatic or more down to the ground. 

The following report from Sensi Center tells of a 


Somewhat similar experience at that station: “Lightning 
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struck the kite wire on the 18th and vaporized 1,300 
meters. No one was injured, your that the men on 
kite work complained of injury to their eyes, which was 
noticeable only several hours after the occurrence.” 
In this instance, Royal Center was differently situated 
with respect to pressure distribution than was the case 
at Ellendale on the 4th; also the temperature conditions 
were different. The unstable condition causing the 
thunderstorm appeared to be due mainly to falling 
temperature aloft and sustained temperature below. 
On the date in question Royal Center was under the 
influence of a Low central over Ontario. Temperatures 
aloft had fallen progressively since the 16th, until on 
the 18th they were much bibew normal at altitudes 
above 1,000 meters. The winds aloft were WSW., 
indicating the transport of cold air from the rear of the 
Low, while SW. winds sustained the temperature near 
the ground. The circulation aloft had been effective 
in transporting the cold air from regions far to the 
west and northwest without material gain in temperature, 
as the preceding 30 hours’ record showed temperatures 
only about 2° C. lower over Drexel and 5° C. lower over 
Ellendale than at corresponding levels over Royal 
Center on the 18th. From the following table it is 
apparent, both from the lapse rate and the humidity, 
that convection vigorous enough to cause thunder- 
storms was probably operative only below 2,800 meters, 
and that the actuating cause was the veering of the 
surface wind from SW. to WNW. and W. and the rise 
in pressure usually attending such change in direction. 


Meteorological conditions over Royal Center, Ind., on April 18, 1924 


Humid- Wind 
: Tempera-| AT | ; Wind 
Time Altitude, meters ture, °C.| 100 direction 
— 16.2 0. 57 41; WSW. 29 
1.6 94 85 SW. 16 


A diurnal series of observations at Broken Arrow was 
interrupted on the night of the 28th—29th by the rapid 
development of the storm area that appeared central 
over Kansas on the morning of the 29th, and caused 
severe thunderstorms in its wake thence east to the coast. 
Some of the conditions attending the rear of the squall 
line of this storm are shown in the following table, which 
gives the upper-air temperatures and winds that prevailed 
— after the squall line had passed Due West on the 
30th: 


Meteorological conditions over Due West, S. C., on April 30, 1924 


Humid- Wind 
Tempera- Wind 

Time Altitude, m. s. 1., meters og. | ity, per velocity 
ture, °C. cont direction m. Pp. ¥ 
23. 2 48 | Ww. 18 
1:31 17.4 57 | Ww. 20 
5.7 90 WSW. 24 
9:08 | 2,974. 7.3 27 
3.6 41 | Ww. 21 
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A severe squall occurred at Due West and tornadoes 
elsewhere in South Carolina a short time before this 
observation was taken. While it will be noted that the 
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TaBLE 1.—Free-air temperatures, relative humidities, and vapor 


pressures during April, 1924 


TEMPERATURE (° C.) 


temperature aloft was falling with time, and the lapse Royal 
rate increasing to a pronounced degree—probably ex- |- ‘Nebr. | 8.0. "| N. Dak. | Tex. Centers 
ceeding the lapse rate prevalent at time of precipitation— | (283 meters)| (96 meters), (217 meters)) (444 moters)| (141 meters) (295 meters) 
the weather nevertheless was clearing while the observa- —m.s.1." De | De- De De- be De- 
tion was in progress. The record of uniform wind ‘“) par- _ par. par- par- par- par- 
direction with altitude and the fact of rapidly rising Mean} (Mean. from |Mean| (Mean) fromm |Mean! fromm |Mean| from 
_pressure indicated that the “cold front” condition of year 9-year 4-year T-year 6-year 
mean mean mean mean mean mean 
precipitation had passed and high supervened. | 
Pilot-balloon observations showed but few exceptions $urlace-.) 16-0) +07) 11.4 15.8) 5.4) 40.2) toe 
in the high altitudes to the normal wind movement from 14.2] 10.6 $2.6) 18.6) -0.8) 5.1 +0. 15.1) 85} 
extended area of winds aloft having a decided easterly 1250----- Og 
component occurred on the 26th and 27th, the reporting 3,00...) 64 +83 23 +0.2 
stations having been Ithaca, Lansing, and Washington. 0.5] +0.3| -3.5 40.9] 01) —1.0 £3] 
attained its maximum depth over the northeastern por- 0.0)-11.9 +16) —7.1) -1.4)—17.8) —3.3) 
0.0\-146 +1.9 —20,8| —6.0| —0.4 
tion of the country, and the stations mentioned were im 7 eee 
its influence. The directions reported were approxi- RELATIVE HUMIDITY (%) 
mately those indicated by the surface isobars, it being Surface. so) 58) 65] +470, +2) 77) +6 
characteristic of Hudson Bay nicus to show east com- 
A northeast wind in the upper levels extending to 51) 57, —6 64) +265) 58) 
7th, which was then included in a weak Low, with a 2,500... 
pronounced HIGH to the north. The wind ranged from 48) ts) 43 
southwest near the ground to southeast at 1,000 meters, 60) 43) 
above which it backed abruptly to northeast. The 5,000... | +8) 40) 
influence of the Low, which caused no appreciable pre- VAPOR PRESSURE (mb.) 
cipitation, apparently extended to only about 1,000 10. 79|—0.74| 7.85 11. 60|—0. 79) 6. 01.+0. 09] 15. 58)+0. 24) 8.73) v.01 
with the fact that northern California was under the 7 
influence of persistent Pacific n1GHs during the month, 1,250 636-40. 11] 7.68|—0.42 4.54 +0. 46 9.27.40. 5. 
to which condition has been ascribed the dryness of 530?---- ge 
the month over that section (see San Francisco forecast — 200... 16) 
this it is worthy of note that the 2. 50|—0.41 1.98 —0. 25 1.77 +0 17 3.74 +0. 67 2 
. 76}—0. 42; 1. 53) — 76) — 6 
resultant winds over Francisco were northerly to 4,500... 1.230.141 0.66'—0.77 
northwesterly at all altitudes. 5,000... 1, 13|—0. 42, 1, 01/—0. | 0.71|+0. 02] 2. 42)4-0. 
TABLE 2.—Free-air resultant winds (m, p. s.) during April, 1924 
Broken Arrow, Okla. Drexel, Nebr. Due West, S. C. Ellendale, N. Dak. Groesbeck, Tex. Royal Center, Ind. 
| (233 meters) (396 meters) (217 meters) (444 meters) (141 meters) "(205 meters) 
Altitude, 
m. S$. 1. | 
chibi | Mean Normal Mean | Normal Mean Normal Mean Normal Mean Normal Mean Normal 
| Dir. |Vel.| Dir. jVel.| Dir. |Vel.| Dir. Dir. Dir. Dir. |Vel.) Dir. (|Vel.| Dir. |Vel.| Dir. Vel. Dir. |Vel.) Dir. |Vel. 
9° W_| 3.5/8. 16°W_| 5.28. 72°W_| 4.7/8. 64°W_) 0.6)N.67°W_| 1. 6/8. 69°W_| 3. 3/N.29°W_| 1.3/N.20°W_| 0.9/8. 6°W_| 4.2/5. 12°W_) 5.318. 68°W_| 5. 5]S. 48°W-| 5.8 
1,000. 21° W- 3. 9)S. Ww - 5.8/8. 74° W 5.8/8 68° W N.87°W 1. 8/S. 68°W_| 4.3|N.64°W_| 1. 1.2/5. 31°W_| 4.4/8. 24°W_) 5. 91S. 68°W_| 6.815. 54°W_| 6.4 
500 _ 43°W_| 4.918. 5 -| 6.7} . 4/8 3°W 4. 7 7.3)N. -| 3. 2. 48°W_| 5.88. 39°W_) 7. 2'S. 83° W_! 9. 73°W_!| 7. 
2,500. ......|8. 8 1S. 719°W_| 8 (121) W. 41S, -| 8.5|N.82°W_| 4. 6)S. 69°W 7.3/8. 58°W_ 1/N.85°W__]13, 86°W.| 9.1 
3,000. 85®W-|10. 81° W_| & 6 N.87°W- 7.818, 85°W. 10. 6.218: 11, 2.N-80°W 
82°W- 11. 85 W-|11. 8 N.79°W -|12, 5S. 89° W - Ww. 16, 4) N .85° W _|12. 2)8. 87° W_|11. 2|N.84°W_| 7.8/8. 71°W_/10.3/S. 70°W_. 10. 6|N.86°W _|13. 2/8. 80° W {12.0 
4,000 _ - 85° W - 11. 2/8 82°W - 12.8 Ww. 8)N.87°W- 89° W - 20. 8) y.75° W 14. 7/8. 77°W__|11. 7|N.S2°W_| 8. 85°W_|11. 8S. 83° W_ 12. 8!N.86°W_117. 85° W-/13. 5 
5. 76° W 16. 6! 85° W -|15. 5|N.78°W N ..68° W _|22. 8|N.50° W _|15. 2|S, 88°W. 8. 6|N.69°W. 8. 1)S. 85° W_/13. 4/8. 79° 14. 0|N.45° W _|15, 1/8. 87°W- 11.2 
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Apnrin, 1924. 


THE WEATHER ELEMENTS 
By P. C. Day, Meteorologist, in Charge of Division 


PRESSURE AND WINDS 


Changes in barometric pressure were frequent, but the 
cyclones and anticyclones usually lacked important pro- 
portions, the cyclones in particular often appearing 
quickly, moving over short and coca erratic 
paths, developing unforeseen energy for brief periods, 
and dissipating unexpectedly. Good _ illustrations of 
these tendencies appear on the daily weather maps for 
the first few days of the month. 

On the morning of the Ist a slight cyclonic formation 
appeared over North Carolina. As this depression moved 
northward along the coast it developed marked inten- 
sity, reaching eastern New England on the morning of 


the 2d as a storm of great severity, though of rather small _ 


extent, and bringing high winds and thunderstorms 
along the coast and unusually heavy snowfall from Mary- 
land and Delaware northeastward, the depth of fall 
ranging up to 15 inches or more. 

Again on the night of the 6th-7th a storm developed 
over the Middle Atlantic States and by 8 a. m. of the 
7th was central over southern New England as a cyclone 
of marked intensity, attended by high winds, heavy 
rains, and material snowfall, particularly in northern 
new England. This storm maintained its severe char- 
acter for a somewhat longer period than did the one 
er preceding, but it also quickly dissipated after the 
8th. 

Another storm of somewhat erratic character, particu- 
larly as to its unusual northward movement, first ap- 
peared on the morning of the 14th over Wyoming and 
24 hours later had advanced to northern Colorado, with 
a sharp fall in pressure over the middle Plains region. 
By the morning of the 16th the center had advanced to 
the Dakotas and Minnesota, and general rains or snows 
had occurred over wide areas between the Great Lakes 
and Rocky Mountains. Within the following 48 hours 
it moved to the northward of Lake Superior. 


On the morning of the 18th a trough of low pressure © 


extended from the lower Lakes to the Gulf coast, at- 
tended by general and frequently heavy rains. This 
depression developed into a cyclone of considerable pro- 
— and had moved to eastern Massachusetts by the 
ollowing morning, the heavy rains extending into the 
Northeastern States. Generally speaking, this storm 
tl the heaviest precipitation of the month over a 
arge area from the Middle Gulf States northeastward 
to New England. 

On the morning of the 24th a rather extensive cyclonic 
storm had advanced into the middle Plains, but with 
little precipitation up to that time, save for light rains 
and thunderstorms to the northeastward and local light 
snows to the westward of the principal center. During 
the following 24 hours high pressure, advancing from 
the far Northwest, appeared to have partially broken 
up the cyclonic formation and crowded it to the south- 
ward, while increasing pressure over the Mississippi 
Valley and Great Lakes prevented the usual eastward 
progress. As a result of this delayed movement precipi- 
tation was rather general between the Mississippi River 
and the Rocky Mountains, snow falling over many of the 
elevated districts to the westward beni a heavy rains 
occurring over the Southern Plains. By the morning of 
the 26th, however, the storm had again assumed a 
definite formation with its center over western Iowa, 
but high pressure advancing southward from the vicinity 
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of Hudson Bay still effectually hindered any eastward 
movement and it was finally forced to the northwest- 
ward and dissipated. 

The most important cyclone of the month, from the 
viewpoint of damage wrought by the attending series of 
tornadoes, developed rather suddenly in Kansas on the 
morning of the 29th and is described in some detail 
elsewhere in this Review; see page —. 

Anticyclonic conditions persisted during much of the 
month over the north Pacific coast districts, although but 
few important high areas moved inland from this region 
sufficiently to affect the weather to eastward of the 
Rocky Mountains. 

The most important anticyclones of the month from 
the Rocky Mountains eastward had their origin in the 
Hudson Bay region, their influence on the weather being 
mainly felt from the Great Lakes eastward. 

The average pressure for the month was less than 
normal over practically all portions of the country from 
the Great Plains eastward, and above normal to the 
westward, save for a small area embracing most of Cali- 
fornia, where the average was slightly less than normal. 
Over the far Northwest the average pressure was dis- 
tinctly high, while in the upper Mississippi Valley region 
it was correspondingly low. 

In the absence of important pressure gradients the 
winds were not prominently from any particular direction, 
although they were mainly from the south in the middle 
and southern portions of the Mississippi Valley and 
Great Plains, and from westerly points over the Atlantic 
and Pacific coast States. 

The principal high winds were associated with storms 
of the 1st and 2d and 7th and 8th, along the North 
Atlantic coast, and on the 29th-30th in connection with 
the numerous tornadoes that occurred over the Southern 
States on those dates. Over the Pacific coast districts no 
important high winds were observed. 


TEMPERATURE 


The first few days of the month were abnormally cold 
over the greater part of the country from the Rocky 
Mountzains eastward, the morning of the Ist being par- 
ticularly cold over the north-central districts where at a 
few points it was the coldest ever observed so late in the 
season, while farther south there were a number of 
instances where the temperatures were equal to, or nearly 
as low as previously observed in April. 

The week ending April 8 was generally mild over all 
western and northwestern districts, and decidedly cool 
over the Southeast, the line of freezing temperature 
extending well into the Middle Gulf States. e week 
following was without important temperature changes, 
and was on the whole moderately warm over all interior 
portions. The week ending April 22, had mainly moder- 
ate temperatures, save that some unusual cold occurred 
during the early part in the Plateau region and about the 
same time it was distinctly warm in the central valleys. 
For the week as a whole it was generally cold over all 
northern and most western districts and moderately warm 
in the Ohio and middle Mississippi Valleys. e last 
week of the month had mostly moderate temperatures, 
although about the 24th to 26th it was cold over the 
northern Plateau, points in Washington having tempera- 
tures on the 24th as low as, or lower than previously 
reported so late in the month. 

As a whole the month was warmer than normal in the 
central valleys and over the far Western States. It was 
unusually warm in northern California and the adjacent 
portions of Oregon, Red Bluff, Calif., reporting the 
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month as the warmest April of record. In the Rocky 
Mountain and southern etson districts the month was 
moderately cold, but elsewhere the departures above or 
below normal were mainly small. 

The warmest periods of the month were about the 
middle over much of the Great Plains and thence east- 
ward to the Ohio Valley and into portions of the Gulf 
States; in the early part of the last decade over many 
northern sections from the Great Lakes to the Dakotas 
and over the Rocky Mountains; and near the end of the 
decade over the Northeastern States and generally over 
the Plateau and Pacific Coast States. e highest ob- 
served temperature, 107°, was reported from Texas, and 
temperatures of 90° or higher were reported from most 
Central and Southern States. 

The most important cold period of the month east of 
the Rocky Mountains was near the beginning; the Ist 
being particularly cold over the central valleys and upper 
Lake region, where temperatures were far below freezing, 
and in some instances, notably in the northern portions 
of Wisconsin and Michigan, were from 15° to 25° or 
more below zero. West of the Rocky Mountains the 
dates of lowest temperatures varied greatly, but were 
mainly after the middle of the month. 


PRECIPITATION 


The country as a whole had deficient precipitation, al- 
though there were important areas in the east Gulf States, 
and from the upper Ohio Valley and Middle Atlantic 
States northeastward, with monthly amounts materially 
above normal; in fact, over the eastern portions of Mary- 
land, Pennsylvania, and New York, in New Jersey, and 
western New England the month was unusually wet, and 
similar conditions existed in portions of Georgia and near- 
by States where locally the precipitation exceeded 10inches, 
and was, in some instances, among the greatest of record 
for April. Precipitation was above normal also in por- 
tions of Arkansas, Kansas, and Oklahoma, locally in the 
far Southwest, and over a considerable area from central 
Michigan northwestward to eastern Montana. 

In portions of the middle Mississippi and lower Mis- 
sourl Valleys the month’s rainfall was much less than 
normal, and locally in Iowa it was as dry as ever known 
in April. Likewise in the far West there was everywhere 
far less than the normal precipitation, save in portions of 
Arizona and southern California. Over most of the States 
last named and thence northward there was a marked 
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deficiency in precipitation. In California April was the 
seventh month with precipitatior. fo1 {he State as a whole 
below normal, and in the northern portions it was locally 
the driest April of record, and the drought at the end of 
the month had become the worst ever experienced in the 
history of the State. 

SNOWFALL 


The storm over the North Atlantic coast on the Ist 
and 2d brought unusually heavy snows for April from 
northern Virginia to New England. Indeed over much 
of this territory the total fall was the greatest ever 
known so late in spring, and locally in southern New 
England it was heavier than recorded at any time during 
the preceding winter. Again on the 7th and 8th snow 
fell over considerable areas in the Northeastern States, 
reaching depths of nearly 10 inches in northern New 
England; this again broke the record for heavy snow so 
late in the season. On the 11th some heavy snows were 
reported from north-central Iowa; and on the 16th and 
17th considerable snow accompanied the general un- 
settled conditions that Ala over the Great Plains 
and Rocky Mountains on these dates. 

In Minnesota heavy, wet snow fell on the 21st, the 
depths ranging up to 10 inches or more. 

n the mountains of California and adjacent States 
there was little new snow during the month and that on 
the ground melted rapidly, so that the main highways 
through the mountains were passable at the earliest date 
of record. Despite the rapid melting of the remaining 
snow in the mountains, streams in California were 
reported at summer stages. In Arizona there was a 
good run-off, and prospects for water were mainly good 
in New Mexico, Wyoming, and other portions of the 
Rocky Mountain system. “East of the Rocky Mountains 
some snow still remained on the ground at the month’s 
end in northern New England. 


RELATIVE HUMIDITY 


The relative amount of moisture in the atmosphere 
was largely deficient as compared with the normal over 
most far western districts, and there were important 
deficiencies in the interior portions of the country 
Elsewhere the percentages of humidity were mainly 
close to normal. 

Much cloudy weather prevailed over the Ohio Valley 
and Great Lakes region and to the eastward, while over 
the Plateau and adjacent areas there was much sunshine. 


SEVERE LOCAL HAIL AND WIND STORMS, APRIL, 1924 


[The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A more complete statement will appear in the 
annual report of the Chief of Bureau] 


Place Date Time On ~ of tee Char 
pa operty acter of storm Remarks Authorit 
(yards) | life 
Justin, Tex. (near) to Edge- 3|3p.m..... 20-100 1| $41,000 | Tornado accom- | Serious damage confined to Denton and Dallas | Official, U. 8. Weather Bu 
wood, Tex. (mear)__......_. panied by hail. Counties over a path 30 miles long; entire reau. 
a of path 80 miles; 14 injured; loss by hail 
Fort Wayne, Electrical and hail_| Telephone and light and power lines damaged Do 
Parsons and Columbus, Kans. Otic ie SBA Las $3,000- | Wind and hail____| Electric-light globes, greenhouses, automobile Do. 
: 5, 000 tops, and garden truck damaged. 
Lavaca County, Storm extended from Breslau to Shiloh. Sprin Do. 
crops and fruit destroyed, chickens killed, an 
windows broken. 
Uvalde, Tex. (near) ......... | Crops and buildings considerably damaged... Do. 
New Orleans, La............- 17 | 8to8:30p. | 6 miles |_____. 107,000 | Wind and hail_...| A number of small houses damaged or displaced; Do. 
m. greenhouses and gardens injured by hail; 50 
rsons injured; length of ~ 25 miles. 
Granbury, Tex...........-.-. High wind........ Church completely demolished, other damage | Dallas Morning News (TeX 
, to roofs and pe Storm was preceded by as). 
violent hail which did considerable damage to 
windows. 
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Severe local hail and wind storms, April, 1924—Continued. 
Place “| Date Ti propert Remarks Authorit 
me pa y emar u y 
(yards) | life yed| 
Mills County, Tex. (eastern Heavy hail_..___.- Crops destroyed; roof of building damaged; | Official, U. S. Weather Bu- 
of). poultry killed. reau. 
St. Francisville, La. (near)-. 4209. Heavy hail_______-. Orchards and gardens injured Do. 
Jacksonville, Tex. (tomato 3 miles 50, 000- | Crops destroyed and considerable damage to Do. 
belt around). 100, 000 roofs and window glass. 
Pearl, N. 24] 4:30p.m_.| 3mile fruit beaten off and minor injury to Do 
gardens. 
Stith, Tex. (near) 24-25 — ay or destroyed over wide area; Do. 
miles long. 
Slick, Okla. (5 miles SE. of). - Tornado. 1 home demolished and several persons injured; | Dallas Morning News (Tex- 
op. several feet wide and mile long devas- as). 
ated. 
Benson, Ariz. (7 miles W. of). Heavy Considerable damage.......... Official, U. S. Weather Bu- 
reau. 
Rockville, Wing and | Several trees struck and barn Do 
wind. 
25 | 7-8 p. 2 heavy | Crops and buds of fruit trees considerably in- Do. 
miles. ured. 
Travis County, Tex. (be- 26 | 5a. m_...- 50 5 25, 000 | Tornado-.--.-.....- Some sopecty damage; 15 persons injured; path Do. 
tween Carl and Colton). 4 miles long. 
Hondo, Tex. (near) ve Fruit knocked off and considerable damage to Do. 
: window glass and roofs. 
Grand Coteau, La. (4 miles to heavy | A few cotton fields damaged; minor damage by Do. 
NW. of). il. wind to buildings. 
Ford County and _ northern 10 miles 1,050 Growing crops injured; some damage to windows. Do. 
ts of Clark, Kiowa, and 
eade Counties, Kans. 
Moanyy 29 | 6:30 p. m__| 450-900 1} 100,000 | Many pay destroyed or damaged; several Do. 
persons injured. 
Crichton, WP. 60 Several persons injured; 4 houses destroyed___... Do. 
Texarkana, Ark. (N. of)...... 29 | 2:30 p. m.. 100 1} . 26,000 |.....do..-......... ag tet am destroyed; 17 persons in- Do. 
; pal mile long. 
Covington to Ingalls (near A number of buildings and 15 oil derricks de- | Tulsa Tribune (Oklahoma). 
Stillwater), Okla. stroyed; 2 injured. 
30 | 11:05-11:55| 3 to 6 1 60, 000 | Hail and rain---._- Damage principally to window panes, skylights, | Official, U. S. Weather Bu- 
a.m. miles. greenhouses, and roofs. reau. 
Autauga County, Ala____._- 30,000 | 2 persons slightly Do. 
Chambers County, Ala. (be- 30 | 4:30 a. 1 25, 000 Do. 
Welsh and Roa- 
noke). 
Butler to Macon Counties, 30 | 4:50-6:30 a. }-....__... s 80, 000 |..... eee 30 persons injured; 15 or 20 buildings near Do. 
Ala. Thompson destroyed. 
Lee County, Ala., to Meri- 30 | 5-6:15 a.m_}.....-.-2. 15 60, 000 |...-. PORES eS AE 4 deaths in Alabama; 11 in Georgia; greatest loss Do 
wether County, Ga. of life and property in Chipley, Ga. 
Pike and Barbour Counties, 30 | 6-7:15 a. m_}.-...-..-. 1 70, 000 |....- © Aes EE Heavy property damage; greatest near Louisville; Do, 
Ala. 37 persons injured in Barbour County alone, 
Lawrenceville, Ga., to Hick- 30 | 6-11 a. m__/100-1, 300 10|2, 200, 000 |....- MN o iancawee Heavy property damage; path 185 miles long, | Official U. S. Weather Bu- 
ory Grove, S. C. which are in South Carolina; numerous (Green- 
ies. . C.), 
reau. 
Brookton to Cornelia, Ga-_-._. 30 | 9-9.35 a. m,j______ 51, 000 |_...- ee PE 4 one at Brookton; damage mostly at Cor- Do. 
nelia. 
30 | 9:30 a. m 1 25,000 10 injured; village practically destroyed Do. 
Macon, Ga. (3 miles SW. of) - 30 |_...- do....| 15-300 3 | 200,000 |_...- SRS 40 injured; many buildi wrecked or moved Do. 
off foundations; fruit and forest trees ruined - - - - 
10, 000 |....- Damage principally to crops; some stones 2 Do. 
inches in diameter. . 
(near) to Pamplico, 30 m.— |300-1, 400 67 |1, 000,000 | Heavy property damage; path 130 miles long. - Do. 
.m. 
Pittsboro, N. C. (mear)....... 30 | 12:30 Ay 100-300 4 20, 000 |....- Spr Path 2 miles long; 5 persons hurt.._..........--- Do. 
Martin County, N. C.......-. 30 | 2:30p.m-__} 100-300 1| 200,000 40 damaged or de- Do. 
stroyed; e path. 
Amelia Co., Va............-- 30 | 5:30 p. m..| 100-300 1 30, 000 |..... Path 10 miles long; several persons Do. 


STORMS AND WEATHER WARNINGS 
WASHINGTON FORECAST DISTRICT 


A disturbance of slight intensity that was over the 
Carolinas on the morning of the 1st moved northeastward 
with rapidly —- intensity and was centered over 

aine as a storm of marked energy 24 hours later. 
Shifting re occurred generally from Cape Hatteras 
northward, several stations reporting maximum wind 
Velocities exceeding 50 miles an hour, the highest bei 
68 miles an hour from the northeast at Atlantic City 
N.J. Storm warnings were issued for the area affected 
Well in advance of the occurrence of high winds. 

During the night of the 3d—4th a disturbance developed 
over the northeastern Gulf of Mexico and was centered 
near Pensacola, Fla., at 8 a. m. of the 4th. At the same 


time pressure was abnormally high over the Carolinas 
and the Middle Atlantic States, so that strong northeast 
and east winds seemed probable along the Atlantic coast 
from Savannah northward to .Cape Hatteras. Storm 
warnings were ordered displayed at 10 a. m., but the 
disturbance  ermae dissipated and no winds of gale 
force occurred. 

On the morning of the 6th pressure was abnormally 
high over the Canadian Maritime Provinces, and a dis- 
turbance was moving eastward over the Lake region, 
with strong evidences of the development of a secondary 
over the Middle Atlantic States. Accordingly southeast 
storm warnings were displayed from Delaware Break- 
water to Eastport, Me. e secondary disturbance 


developed during the 6th and moved rapidly northeast- 
ward, with a marked increase in intensity, so that strong 


i 

| 

| 

| 

r 

| 

. 

/ 

1- 5 | 


234 MONTHLY WEATHER REVIEW 


east and southeast gales occurred at all stations along the 
coast from Delaware Breakwater northward. While both 
Atlantic City and New York City reported a maximum 
velocity of 64 miles an hour, the velocity of 52 miles an 
hour from the east at Portland, Me., indicated that the 
storm was most severe in that locality. Due to the 
exposure of the anemometer at Portland the maximum 
wind velocity there seldom reaches 50 miles an hour. 

The next disturbance to cause strong winds along the 
Atlantic coast was that of the 18th-19th, for which 
storm warnings were displayed along the New England 
coast the evening of the 18th. Again on the 20th warn- 
ings were displayed from Delaware Breakwater to Nan- 
tucket, Mass., in connection with a disturbance that 
moved rapidly eastward from Lake Erie to the southern 
New coast. 

At 8 p. m. of the 21st a disturbance of considerable 
energy was over the upper Ohio Valley and the southern 
Lake region and moving eastward, and southeast storm 
warnings were issued at 9:30 p. m. for the Atlantic coast 
from Cape Hatteras northward. These warnings were 
fully verified, the highest velocity reported being 56 
miles an hour from the northwest at New York City. 

The last storm warnings of the month were ordered 
during the afternoon and evening of the 30th from the 
Virginia Capes to Eastport, Me., in connection with a 
disturbance of marked intensity that moved rapidly from 
the lower Ohio Valley to New England. Several stations 
reported maximum velocities of between 45 and 50 miles 
an hour from the southeast. 

Frost warnings were issued for portions of the South 
Atlantic and East Gulf States on the Ist and 2d, but no 
further warnings for the Southeastern States were 
required during the month, and none for any section 
until the 17th. During the week beginning on that date 
warnings were issued for limited areas in the Ohio Valley 
and the Middle Atlantic States.—Charles L. Mitchell. 


CHICAGO FORECAST DISTRICT 


The month, as a whole, was moderately warm and dry 
in the central and southern portions of the district, and 
wet and cold from northern Lake Michigan westward and 
northwestward across the Red River of the North Valley. 

Special warnings issued during April were chiefly con- 
fined to those in anticipation of back but the season was 
somewhat later than the average, and, in consequence, 
warnings were not of much importance. 

The principal storm of the month appeared beyond the 
Rockies on the 13th, and gradually developed and moved 
eastward, the center reaching the Middle Missouri 
Valley on the 15th, the Middle Mississippi- Valley on the 
16th, and the northern Lake region on the 17th. Heavy 
snow accompanied the storm in the Rocky Mountain 
region and northern Plains, and cold weather followed in 
its rear, frost being reported on the 18th to the southern 
limits of the region. 

Livestock warnings were sent on the 15th to Nebraska 
and Wyoming; advices of frost to various points as occa- 
sion demanded; also advisory messages to open ports on 
Lake Michigan for strong hits winds. The regular 
season for navigation did not commence until April 
20.—H1. J. Cox. 


NEW ORLEANS FORECAST DISTRICT 


The weather during April, 1924, was marked by 
several well-defined troughs of low pressure, whic 
a weakened in oq eastward over this district; 

ut the last trough of the month, passing eastward on 
the 28th-30th, increased in intensity. 
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The month opened with cool weather and extensive 
frosts in the interior sections, but thereafter the areas of 
high pressure following the troughs did not carry cold 
weather far southward, frosts being generally limited to 
the northwestern portion and freezing temperature to the 
extreme northwestern portion of the district. Ample 
notice was given for all frosts and freezes and warnings 
were sent also to stockmen for the freezes that occurred 
in the Texas Panhandle and northwestern Oklahoma on 
the 17th and 26th. The dates of frost warnings, which 
were issued mostly for the northwestern portion of the 
district and occasionally for northern Arkansas, were the 
Ist, 9th, 17th, 18th, 26th, 29th, and 30th. 

On the morning of the 25th, in the southern end of a 
long trough of low pressure, a disturbance appeared over 
the Rio Grande Valley. Southeast storm warnings were 
issued at 8:30 a. m. for strong southerly winds and squalls 
on the Texas coast. The wind increased considerably 
and moderate to fresh gales occurred during the after- 
noon, though the morning and night weather maps showed 
only moderate pressure gradient, and the storm dimin- 
ished in intensity thereafter. There were no storms 
without warnings. Small craft warnings were advised 
for the Texas coast on the 15th, 16th, 25th, and 26th. 

Fire-weather warnings were sent to addresses in Okla- 
homa and Arkansas on the 15th and 24th and conditions 
occurred us forecast.—A. A. Dyke. 


DENVER FORECAST DISTRICT 


On the morning of the 15th a pronounced area of low 
pressure was central over southeastern Wyoming, while 
the barometer was moderately high and rising over the 
North Pacific States. Cold wave and livestock warnings 
were issued for northern and eastern Colorado and north- 
eastern Arizona, and livestock warnings alone for northern 
New Mexico. The ensuing weather was in full agree- 
ment with the warnings. 

Another shawnee) low-pressure area began crossing 
the district from the west on the 23d, being followed by 
high pressure from the northwest, consequently forecasts 
of rain turning to snow and colder weather were issued 
for the sections within its influence, timed to accord 
approximately with the pressure movem nts. Pressure 
‘gradients intensified during the day and night sufficient 
to produce a cold wave in northeastern Colorado. 

nother disturbance, which manifested but little energy 
in crossing the district, developed marked energy by the 
morning of the 29th over southern Kansas and Oklahoma, 
while a nian was building up to the northwest, conse- 
quently livestock warnings were issued for eastern Colo- 
rado for colder weather, with snow.. The ensuing fall in 
temperature was ag na small and precipitation 
was mostly rain on the lower ranges, but snow on the 
more elevated ones. 

Frosts and temperatures near or below freezing were of 
very frequent occurrence during the month, and the 
number of warnings to interested districts was corre- 
spondingly great. 

Warnings were already being issued at the beginning 
of the month for the fruit districts in which protective 
measures are taken in southern New Mexico, and fruit 
advanced so as to become susceptible to injury by April 
9th in southeastern Colorado, by the 12th in the Colorado 
Valley in Colorado, and about the 29th in the Gunnison 
Valley in Colorado. 


Warnings of expected frosts of a less serious character 


were issued as follows: 
For all of southern New Mexico on the 16th, 17th, 25th, 
and 26th; for extreme southeastern New Mexico on the 
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5th, 12th, 19th, 20th, 24th, and 27th; for northern New 
Mexico on the 27th, 29th, and 30th; for southeastern 
Colorado on the 12th, 18th, 19th, 20th, and 21st; for the 
Colorado Valley in Colorado on the 14th, 18th, 19th, and 
21st; for all of Colorado on the 27th and 30th; for south- 
eastern Arizona on the 15th, 17th, 25th, and 26th; for 
south central Arizona on the 25th; and for northwestern 
Utah on the 17th, 18th, 19th, 21st, 24th, 25th, 26th and 
27th. These warnings were generally justified by the 
actual occurrence of frost or by the critical temperatures 
for frost. 

Warnings of more severe temperatures embracing 
those close to or below freezing were issued as follows: 
Ist and 3d, extreme southeastern New Mexico; 9th, 
southeastern Colorado, 15th, Colorado and Utah; 16th 
Colorado, Utah, and extreme southeastern New Mexico; 
17th, Colorado and extreme southeastern New Mexico; 
24th, Colorado; 25th and 26th, Colorado and northern 
and extreme eastern New Mexico; and the 29th for Colo- 
rado. In nearly every case these warnings were fully 
verified.— Lawrence C. Fisher. 


SAN FRANCISCO FORECAST DISTRICT 


April in the San Francisco Forecast District was 
usually dry, due to the a of ocean high-pressure 
areas impinging upon the California and Oregon coasts. 
They prevailed, with slight variations, practically during 
the entire month. There were about as many Bering 
Sea and Gulf of Alaska storms as usual, but they moved 
inland too far north to cause any great amount of rain 
in the Pacific States. On the 20th a small disturbance 
was located off the California coast, which moved inland 
on the 23d, and in doing so caused asmall amount of rain 
in the southern half of California. Rain also fell during 
the first few days of April quite generally throughout 
the district. Nearly all the storms that occurred passed 
from the ocean inland over northern British Columbia 
to Alberta and thence formed a trough of low pressure 
that extended south through Idaho and Nevada. The 
lower end of the trough when over southern Nevada 
received sufficient moisture from the ocean to cause 
some few showers in California and Nevada. The 
drought, however, in the former State is the worst that 
has been experienced since the establishment of the 
Weather Bureau, as up to the end of April only about 
50 per cent of the normal rainfall has occurred in Cali- 
fornia. The droughty situation is worse in the northern 
portion of the State than in the southern, which is ver 
unusual. The nearest approach to the present dry apiell 
occurred during the season of 1897-98, when only 54 
per cent of the normal amount of precipitation was 
received during that season and the southern part of the 
State suffered most, which is just the opposite to the 
present conditions. 

Frost warnings were issued in the north Pacific States 
on 15 days and in northern California on two days. No 
damage was done by frosts in California; but they were 
unusually severe in portions of the north Pacific States, 
where crops were badly injured. 

Storm warnings were displayed at the entrances to 
the Gulf of Georgia and the Strait of Fuca and at the 
mouth of the Columbia River on the 17th. Small-craft 
warnings were ordered at a few places on the 15th, 18th, 
and 23d. 

Livestock warnings were issued’ on April 3 for eastern 
Oregon, Nevada, and southern Idaho; and fire-weather 
warnings were issued on the evening of the 24th for 
northern California. All of these warnings were justified 


except the fire-weather warning was not followed by as 
high temperature as expected.—E. A. Beals. 
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RIVERS AND FLOODS 


By H. C. FRANKENFIELD, Meteorologist 


At the close of March, 1924, the Ohio River was in 
flood as far down as the mouth of the Great Kanawha 
River. The crest stage at Point Pleasant, W. Va., on 
the Ohio River was 44.5 feet on April 2. Below Point 
Pleasant, flood stages were not recorded until Cloverport, 
Ky., was reached. From this place to Shawneetown, 
Ill., just below the mouth of the Wabash River, the crest 
stages varied from 0.7 foot to 4.1 feet above the flood 
stages, the greatest excess at Shawneetown. Below 
Shawneetown the river was 5 or more feet below the 
flood stage, and the crest passed into the Mississippi 
River on April 11, with a stage of 40.7 feet at Cairo, 
Ill., reaching the Gulf of Mexico about April 25. 

The flood was very accurately forecast and there was 
no damage of consequence, although some inconvenience 
and delay in farm work resulted. In the vicinity of 
Shawneetown, Ill., property to the amount of $10,000 
was saved through the warnings. 

There were no floods of moment in the tributary 
streams in the State of Ohio. Such as occurred were 
»roperly forecast and the damage was very small. The 

ood in the White River of Indiana and its forks was 
also moderate, the crest stages ranging from about 2 to 
5 feet above the flood stage. Owing to the backward- 
ness of the growing season the damage was small, prob- 
ably not over $10,000. However, the warnings allowed 
the removal of considerable property from bottom lands. 

The flood in the Wabash River of Indiana and Illinois 
attained fair proportions on account of the rapid melting 
of the heavy snows that fell over northern Indiana on 
March 20-21. The flood was most marked at La Fay- 
ette, Ind., where the crest stage of 21.2 feet on March 31 
was 10.2 feet above the flood stage. Warnings were 
issued as often as necessary, and there were no losses of 
livestock nor other portable property. Losses from 
other sources, flooding of basements, highways, etc., 
amounted to about $4,000. The value of property saved 
through the warnings was about $5,000. 

Flood warnings for the lower Connecticut Valley were 
issued on April 7 after a 24-hour rainfall that was exces- 
sive over the lower valley, and at 9 p. m., April 8, the 
Connecticut River at Hartford, Conn., reached a stage 
of 20.7 feet, 4.7 feet above flood stage. There was no 
damage done along the main stream, but the smaller 
rivers were dangerously high, especially the Farmington 
and Park Rivers. It was impossible to obtain estimates 
as to the amount of damage done. 

Warnings were again issued on April 15 for the lower 
valley and on April 18 and 19 for the entire valley after 
the heavy rains that began during the afternoon of 
April 18. The flood was a moderate one and the warn- 
nge were well verified. No damage was reported. 

he heavy rains of April 6-7, together with some 
melted snow, also caused a marked flood in the Hudson 
River at Troy and Albany, N. Y., the river reaching 20.3 
feet at Troy and 14.6 feet at Albany, 5.3 and 2.6 feet, 
respectively, above the flood stages. Warnings were 
issued promptly and the reported losses were small, only 
about $7,400, while the saving through the warnings was 
perhaps $2,500. 

Flood conditions in the north branch of the Susque- 
hanna River were very similar and were equally well 
forecast. The damage done, however, was somewhat 
greater, more than $25,000, probably because a larger 
area was covered. 

There were some minor floods in the rivers of the south 
Atlantic system and in the upper Coosa River of Georgia 
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and Alabama. All passed off without damage of conse- 
quence. Little planting had been done, and the rivers 
of the Santee system had been high for so long a period 
that there was no livestock in the swamp regions. 

The Tombigbee River at Demopolis, Ala., was in flood 
from April 14 to 27, inclusive, with crests on April 16 
and 24 of 42.9 and 48.2 feet, respectively, flood stage 
being at 39 feet. The Tombigbee River was also in 
flood on April 18 and 19, with a crest stage of 52.7 feet 
at 10 a. m., April 19, or 6.7 feet above the flood stage. 
Damage as reported amounted to $15,500. Value of 
property saved through warnings, $11,900. 

he heavy rains of April 10-11 over the drainage area 
of the Pearl River of Mississipi resulted in a somewhat 
prolonged period of moderately high water. Warnings 
were timely and no damage was reported. 

The Illinois River had been high throughout March 
and remained generally so during April. Some addi- 
tional warnings were necessary and they were well 
verified. No damage of consequence occurred. 

The following description of a flood in the Belle Fourche 
River of South Dakota was prepared by Mr. Harley N. 
Johnson, meteorologist in charge of the Weather Bureau 
Office at Rapid City, S. Dak.: 


FLOOD WATERS IN THE BELLE FOURCHE RIVER, WESTERN 
SOUTH DAKOTA 


Due to moderately high temperatures and warm showers, a heavy 
blanket of snow approximately 5 feet deep overlying the headwaters 
of the Belle Fourche River near Moorcroft and Gillette, Wyo., 
melted rapidly and caused the highest water in the Belle Fourche 
River known to the oldest inhabitants. The highest stage of water 
was approximately 3 feet above any previous high-water mark 
The water, already high, began rising further on Sunday, April 6, 
and reached the maximum stage at Belle Fourche about noon, 
Wednesday, April 9. Ample warnings of the approach of the flood 
were given to the people living on the lowlands, which was no doubt 
responsible for no lives being lost. Fifty-five families were ren- 
dered homeless, a total of 168 people, and property loss or damage 
is estimated from $125,000 to $150,000. Practically all the fur- 
niture in the 55 homes inundated is a total loss. The water reached 
the main street of the city of Belle Fourche and many residences 
and business houses had water in the basements. The Wood Lum- 
ber Co. lost heavily by its finished product being washed away, and 
the burning of its mill, which was washed from its foundation and 
lodged against the bridge. To prevent the possible going out of 
the bridge by reason of the resulting jam the lumber was removed 
from the mill and the mill then fired. 

About 50 feet of the railroad bridge north of the town was washed 
away and the approaches to the new steel bridge were damaged and 
the bridge itself was saved only after a hard struggle. The steel 
and wood bridge east of the Powers Garage had to be dynamited 
to break up a jam, and the bridge across Redwater Creek near the 
high school was washed away. Ranches all along the valley of the 
Belle Fourche were heavily damaged by the flood waters. 

Relief work by the Red Cross, whose representatives arrived at 
Belle Fourche on Saturday, April 12, did much to alleviate the 
suffering of the homeless people. 

Two men lost their lives near Dalzell, in Meade County, on 
Wednesday, April 2, while attempting to cross the Belle Fourche 
River in a ferryboat. The cable gave way under the strain of the 
high water, and the men, Peter Richards and John Newcombe, 
were swept down the swollen stream. Only one of the bodies has 
been recovered to date, and it was washed ashore 5 miles down- 
stream from the place where the men were drowned. 


Very heavy rains on April 29 over the lower Arkansas 
Valley caused a decided rise in the Arkansas River and 
its tributaries, except the Canadian, and the rise was still 
in progress at the close of the month. It will be described 
briefly in the Montuity WEATHER Review for May, 1924. 

A rise to 5.5 feet in the North Platte River at North 
Platte, Nebr., or 0.5 foot above the flood stage, on April 
18-19 was doubtless due to heavy rains and some melting 
snows at headwaters in the State of Wyoming. No dam- 
age was done. 

The lower Trinity River of Texas was in flood or rising 
rapidly at the close of the month of March, and the crest 
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did not pass Liberty, Tex., unt:! April 11. The flood was 
moderate and no material darmage resulted. Another 
marked rise set in below Fort Worth after the heavy and 
general rains of April 26-27, and the high water continued 
at the end of the month. At Dallas, Tex., the estimated 
crest — of 31 feet on April 28 was 6 feet above the flood 
stage. Further details will be given in the Monraty 
WEATHER Review for May, 1924. 

The melting of unusually heavy snowfall over the upper 
drainage area of the Rio Grande and the Colorado River 
caused exceptionally early rises in the rivers, and flood 
warnings for the Rio Grande in the State of New Mexico 
were issued beginning with April 7. The river at Albu- 
querque did not quite reach the flood stage of 4 feet, but 
below that —_ the river was in flood from April 7 until 
after the close of the month. Fortunately no damage 
was done, although a serious situation prevailed at San 
Marcial, N. Mex., where Mr. George W. King, the river 
observer, reported: ‘‘ The water level during the last rise 
(April 27-29) was easily 6 feet above the level of the 
town and our dikes are none too strong.” Warnings 
were also issued for the lower Colorado River and flood 
stages were slightly exceeded in some localities. 


Above flood Crest 
River and station aan stages—dates 
From—| To— | Stage | Date 
ATLANTIC DRAINAGE 
Connecticut: Feet Feet 
White River Junction, Vt..........___- 15 20 20 15.7 20 
& 12 20.7 8 
Hudson: 20 25 17.7 21 
Susquehanna: 
14 7 8 15. 2 7 
16 7 7 17.8 7 
20 7 8 23. 5 8 
Unadilla: 
New Berlin, N. (a 8 6 10 11.8 7 
Chenango: 
Cape Fear: 
Elizabethtown, N. C................... 22 14 14 22. 4 14 
Peedee: 
es ben 17 17 24 18.8 16 
antee: 
Ferguson, 8. C...----.---------+------- 12 { 5| @ 13.8 ii 
Saluda: 
EAST GULF DRAINAGE 
Apalachicola: 
River Junction, Fla........4.........2. 15 22 22 15.1 22 
Coosa: 
22 20 22 22.4 20 
Lock No. 4, Lincoln, Ala............... 17 20 23 17.5 21 
Tombigbee: 
Lock No. 4, Demopolis, Ala.........._- 39 14 27| 48.2 ra) 
Black Warrior: 
No. 10, Tuscaloosa, 46 19 21; 527 19 
earl: 
GREAT LAKES DRAINAGE 
Maumee: 
St. Joseph: 
Montpelier, Ohio. 10 (‘) 
Auglaize: 
MISSISSIPPI DRAINAGE 
Ohio: Feet Feet 
Dam No. 6, Beaver, 30 (1) 
Dam No. 12, Wheeling, W. 36 (4) 
33 (1) 301 1 
Parkersburg, W. 36 (1) 2} 40.2 1 
Dam No. 19, Tallman, W. Va_..-..--_- 39 (1) 2| 40.7 ! 
Dam No. 22, W. 42 () 2} 44.0 
Point Pleasant, W. Va_...----.-------- 40 (1) 3] 44.5 2 
Dam No. 29, Normal, Ky_.-.-....----- 50 2 3| 50.5 . 
Portsmouth, Ohio...............------- 50 2 3| 50.8 2 
40 5 7| 40.7 6 
Evansville, Ind_......-...----.-------- 35 3 10| 38.3 7 
Henderson Ky 33 4 10} 36.1 ng 
Dam No. 48, Cypress, Ind_..........-.. 42 4 10 45.7 3 
Mount Vernon, Ind_...............--... 35 5 11 37.6 9 
35 5 12 39.1 
‘Continued from last month. 3Below flood stage at 8 a. m. April 1. 
2Continued at end of month, 
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Aprin, 1924. 
Above flood 
Crest 
stages—dates 
River and station 
From—| To— | Stage Date 
MISSISSIPPI DRAINAGE—Ccontinued 
Muskingum: Feet Feet 
Tuscarawas: 
Gnadenhutten, 10 (1) 2 13.1. Mar. 31 
Scioto: | 
Wabash: te 
16 (1) 6 20.0 | 2 
White: | | 
18 5 7 19.5 | 6 
White, East Fork: 
10 (1) 1 11.0) 1 
White, West Fork: 
19 (1) 4 23.9 2 
14 (1) 6 18.6 3,4 
French Broad: 
13 19 19 13.6 19 
Wisconsin: 
27 27 12.5 27 
Illinois: | 
| 16 (1) 26 20.1 6 
Meramec: 
Arkansas: 
Little Arkansas: | 
Petit Jean: | 
North Platte: | 
24 26 5.0 24-26 
29 29 5.2 29 
Grand: 
10 16 19 10.3 17, 18 
WEST GULF DRAINAGE 
Trinity: 
an 25 27 (2) 431.0 28 
Rio Grande: 
San Marcial, N. Mex............---..-- 2 1 1 2.0 1 
7 (@) 4.1 27-29 
COLORADO DRAINAGE 
Colorado: 


1 Continued from last month. 3 Below flood stage 8 a. m., April 1. 
? Continued at end of month. 4 Estimated. 


MEAN LAKE LEVELS DURING APRIL, 1924 
By Unitep Srates Lake Survey 
[Detroit, Mich., May 5, 1924) 


The following data are reported in the “ Notice to 
Mariners” of the above date: 


Lakes ! 
Data Michigan 
Superior and Erie Ontario 
Huron 
Mean level during April, 1924: Feet Feet Feet Feet 
Above mean sea level at New York_-__-- 601. 02 578. 87 571.77 245. 36 
Above or below-— 
Mean stage of March, 1924__.._._-.-- —0. 05 +0. 18 +0. 51 +0, 48 
Mean stage of April, 1923___....._.-- —0. 37 —0. 33 +0. 28 +0. 03 
Average stage for April last 10 years_- —0.77 —1.40 —0. 45 —0. 78 
Highest recorded April —1.67 —4. 36 —2.41 —3. 07 
Lowest rded April stage --..._-.- +0. 48 —0. 33 +0. 51 +0. 52 
Average relation of the April level to: 
+0. 3 +0.6 +0.7 
ay level__.....-. obs —0.3 —0.4 —0.3 


' Lake St. Clair’s level: In April, 1924, 574,15 feet. 


MONTHLY WEATHER REVIEW 237 


EFFECT OF WEATHER ON CROPS AND FARM OPERA- 
TIONS, APRIL, 1924 


By J. B. Kincer 


The weather during April was somewhat more favor- 
able for agricultural interests than that for the preceding 
month, although the season continued considerably 


River, and the frequent rains were unfavorable for fie 
operations in the more eastern States. There was i 
general sufficient soil moisture in the central and eastern 
portions of the country, although part of the month was 
too dry in the region between the upper Mississippi 
Valley and the Rocky Mountains; rains in this section, 
however, improved conditions during the latter part of 
the month. But little rain fell west of the Rocky 
Mountains, and drought had become severe in much of 
that area at the close of the month, while frost damage 
to fruit was rather extensive, especially in the eastern 
portions of the North Pacific States. 

Winter wheat made satisfactory progress during the 
month in the Ohio Valley States, except those portions 
where there was heavy winterkilling, while good wheat- 

owing weather was the rule in the trans- Mississippi 

tates. Wheat plants were jointing as far north as 

southeastern Kansas at the close of the month. In the 
more northwestern States, and in California, the con- 
tinued dry weather was decidedly unfavorable for wheat 
and other fall-sown grains. Conditions were rather 
favorable for seeding spring wheat, and this crop had 
been largely sown at the close of the month, while 
satisfactory germination of the early-sown grain was 
reported. 

Much corn ground was prepared for seeding in the 
upper Mississippi and Ohio Valleys, but little had been 
seeded at the close of the month, though planting was 

eneral in Missouri, and was well along in the southern 
alf of Kansas. Early-planted corn germinated satis- 
factorily in southern portions of the belt, while the cro 
did fairly well in the more southern States, although it 
was rather too cool in the south Atlantic area. In 
general the weather was favorable for cotton planting 
and this work was extended to the northern portions of 
the belt in all sections, though the latter part of the 
month was too cool and wet in many northern cotton 
districts. Most of the crop was seeded in the central and 
southern portions of the east Gulf States and planting 
was well along in Tennessee, with chopping progressing 
in the southern parts of Alabama and Georgia. The 
nights were too cool, however, the latter part of the 
month for best germination and growth of cotton in 
the eastern portions of the belt. 

Potatoes did well under favorable conditions for this 
crop in the Southeastern States, though growth was 
rather slow; the weather was unfavorable for planting 
potatoes in the middle Atlantic coast sections.. Melons 
were backward and mostly poor in Florida, but tomatoes 
made good advance, with shipments in progress from 
the southern portions of the State. The warmer weather 
early in the month cleared the snow from most of the 
winter ranges in the Rocky Mountain districts and 
conditions were generally favorable for stock interests 
from that area eastward. Ranges were unfavorably 
— by the dry weather in the more western 

tates. 
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CLIMATOLOGICAL TABLES: 


CONDENSED CLIMATOLOGICAL SUMMARY 
In the following table are given for the various sections of the climatological service of the Weather Bureau 


S with dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated 
by the several headings. ae 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 


The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 
stations. 
cae Condensed climatological summary of temperature and precipitation by sections, April, 1924 

Temperature | Precipitation 
| 
& Monthly extremes | Greatest monthly Least monthly 
E= 
2 | ag Station Station | 22 Station 3 Station 
| 
| in In In. | In 
Alabama. 63.3 | —0.1 | 2 90 | 221] St. 22 2 | +1.19 | Mentone. 10. 18 Bay Minette_....... 2. 29 
55.7 | —2.4 | 98 30 | Prescott...........-- 11 16 0.717 +0.12 | 2.40 | Bisbee Junction. 
61.4 | | 3 18 4.99 | +0.21 | Waldron..........-- 8.53 | Mountain Home__--| 2. 92 
101 30 | Helm —2 2 || 0.90 | —0.78 | Seven 4.57 | 0.00 
Colorado. 42.0 | —1.0 | 90 |. 23 |' —26 1 || 1.31 | —0.63 | Hawthorne..........| 4.13 | 
70.8 | +0.6 | 2stations..........-- 96 | 31122414073] 7.55 | Sand Key........... 
63.2 | —0.2 | 3 90 | 217 | Blue 23 22 || 5.99 | +2.43 | Clayton............. 10.49 | St. 2.47 
70.4 | +0.5 | 88 2 | Voleano Observatory! 46 1 /13.98 | +5.75 | 48, 
44.6 | —0.2 | 2 84 —4 5 || 0.51 | —0.96 | Pete King Ranger | 2.81 | | 0.00 
Station. | 
54.0 | +2.2| Harrisburg........-- 1/1218| -1.23| 4.30 | Hillsboro.....-..---- | 0.65 
526 | | 91 25 |} Leporte............. 16 1 || 3.32 | —0.30 | 83 0.75 
55.0 | +1.4 | 3 | 715 | 2 stations............ 15 1 |] 2.22 | —0.42 | 7.22 | | 0.06 
Kentucky 57.4 | +1.5 | Mayfield_........... 93 | 15 19 2 || 3.41 | —0.62 | | 
67.2 | +0.3 | 92 15 | 2] | 4.41 | —0.31 | Lake Charles___...._| 12.24 | Delta | 0,80 
Maryland-Delaware__| 50.1 | —2.2 | 2 83 14 | Oakland, 13 3 || 4.97 | +1.63 | Milford, 7.05 | Friendsville, Md..__| 2.76 
41.6 | —0.6 Allegan. 80 24 | 1 214} —0.19 | Ironwood. 7.08 | Mackinaw. | 0,45 
Minnesota... --------- 41.5 | —1.2]| 4 88 | | Itasca State Park_..| —7 10 || 2.54 | +0.53 | 5.50 | Waseca ---| 0.55 
64.6 | +0.4 | 10 stations___--- 90 | 215] 26 2 || 5.04 | —0.37 | Water 8.38 | Columbia--. 
56.6 | +1.5 | 95 Mi Betneny..........-- il | 1 || 2.07 | —1.66 | Dean | 0,48 
1.1 | —1.3 | Livingston 80 15 || 0.79 | —0.26 | Agricultural College_| 2.82 | | 0,01 
50.1 | +1.3 | Bridgeport. 95 —2 | 1 0.72 | —1.72 | 2.62 | 0, 02 
Nevada.......---.---- 48.6 | +0.3 | 94} Rye Patch 7| 16 || 0.30) —0.52] 0.87 | 0.0 
: New England_-.-..--- 41.6 | —1.2 | Norwalk, Conn_--_- 74 27 | Van Buren, Me----- —2 4 4.92 | +1.76 | Madison, Me. ------ 7.36 | Eastport, Me----...| 2,29 
New Jersey_..-.------ 48.0 | —1.5 | 81 | 214] Culvers Lake. 18 1} 615 | +250 | 9/23 | Patergon............ | 4,74 
New 50.0 | —0.9 | 93 | 24] .---| —9 17 0.75 | —0.44 | Tajique (near) 3.36. 0.00 
42.7 | —1,6 | West Point... 80, 29] North 3 |] 4.60) +1.80| Boyds Corners.-..-.| 7.56 | New Berlin. 2.05 
North 36.6 | 2 92 Mount Mitchell.....| 5 2 || 4.44 | +0.84 Rock 11.03 | Belhaven. --------- 
North 39.3 | —2.4.} R4 24 | 6 10 || 2.55 | +1.17 | Park 5.91 | | 0.50 
Oklahoma... 60.0 | +0.3 | 95 15 | 4 22 | 1 || 4.21 | +0.91 | 0. 74 
48.7 | +1.1 | 91; 25) 26 0.74 | —1.41 | Welches (near) 3.76 | 5 stations...........- 0, 00 
46.5 | —2.1 | 82 | Muncy Valley. | 6) 4.15 | +-0.80 | Conshohocken... 7.52 | 1.77 
3 South Carolina 61.6 | —0.7 | Blackville__._.....-- 91 9 | 3 stations......_....- | 24 2 || 5.90 | +2.84 | Trenton__..........-. 10. 54 | Mars Bluff_._-------. 3. 20 
South Dakota__- 45.1 | —0.3 | Forestburg_--------- 93 | | —6 3.70 | 0. 06 
Tennessee... 58.7 | +0.4 | Johnsonville........| 94 16 | | 17 2 || 4.75 | +0.14 | 1,95 
65.6 | —0.5 | San 107; 16 | 2stations._.......... | 21 17 || 2.33 | —0.89 | Bon 8.85 | 5 stations...........- 0.00 
46.2 | —1.3 | | | 2 1 |} 0.52 | —0.63 | Silver 2.55 | 0.00 
52.6 | —1.9 | 86 14 | Burkes Garden___--_- 16 3 || 3.73 | +0.18 | 6.67 | Mount Weather-__--- 1.29 
Washington ________.- 47.9 | —0.2 | 85 30 | Paradise 2 15 1.11 | | 6.44 | 12 0. 00 
West Virginia. 50.5 | —0.8 | 88 | 17} Cheat Bridge... 12 3 || 3.24 | —0.36 | 6.37 | Upper Tract. 0.72 
Wisconsin 42.0 | —1.4 | 84 24 | —28 1 || 3.95 | +1.44 | Stevens Point____.__ 7.14 | 1,37 
Wyoming. 39.4 | —1.3 | 86 23 Gallatin. —10 16 || 0.94 | —0.61 | Elk Mountain_.....| 4.30 | 2 


1 For description of tables and charts, see REVIEW, January, 1924, pp. 56-57. ‘Other dates also. 


the monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, - 
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TABLE 1.—Climatological data for Weather Bureau stations, April, 1924 


2 
Pressure Temperature of the air . & | Precipitation Wind 
83 
F Ft.| Ft.| Ft.| In. | In. 4 In. | °F.| PROF) PF OR Im. Miles 0-10) In. | In 
New England 43.5) —0.3, 73 '4.73 | +1.7 5.7 | 
Eastport. .........---. 76| 85| 29.85] 29.94) +. 01] 37.4| —1. 6) 58] 27] 24! 321 34] 79) 2.20] 12] 9,735] s. 57| e 2} 101 18) 12.1] 00 
Portland, Me---.----- 103} 82} 117| 29. 83} 29.96) 42.3) —0.7, 66) 27] 49} 25} 2) 35) 22 2} 70) 6,48) +3.4 8,326) nw 52] e. 7] 9} 8 1315.8] 7.7/0.0 
288) 70) 29.62) 29.93) —. 06) 42.9) —0.4) 66) 27) 52) 23) 1) 34 4.64) +1.8) 9) 5, 366] nw 44) e. 7| 12) 5.2) 6.9100 
404| 11) 48) 29.51) 29.96) —. 03] 41.0) +0.3) 68) 29) 48) 18) 3 34) 29 4.73) +2.9| 15) 7, 638) n. 40) Ss. 6} 5) 9 16] 7.1) 19.1) 0.0 
Northfield 876) 12} 60) 28.99) 29.96) —. 03) 38.8) —1.4) 65) 29] 48 16) 1) 29) 41) 36) 32) 78) 4.35) 42,3 12) 5, 862] s. 38) S. 30} 8! 17| 7.2) 25.3] 0.0 
125] 115| 188) 29. 29.94] —. 03] 47. 2} +0.8 69] 27] 55) 28) 1 40; 27) 33) 62| 3.79] +0.2} 12) 8,246) w. | 42/ e. 7| 15| 6.0 3.0) 0.0 
Nantucket 12} 14) 90) 29.92) 29.93) —. 04) 44.1) —0.1) 63} 27) 50} 32) 1) 38) 21) 40) 37] 81) 4.30) +1.7) 11/13, 407) sw. 60} Sw. 2} 10) 11; 9) 4.8 0.0) 00 
Block Island _----.---- 26} 11) 46| 29.90) 29.93) —.05| 43.8) —0.2) 61) 14] 49) 29) 1 39) 20, 40) 37) 82) 4.55) +0.9| 1514,219) sw. | 60) w. 2} 13} 9 8) 43) 1.00.0 
Providence... ...-.---- 160) 215! 251) 29.77! 29.94; —. 04) 46.4) —0. 2) 68) 5! 55) 26) 1) 38! 29) 40) 33) 641 3.77) 15/11, 633] nw 60} se 7! 9} 121 9 5.4) 30100 
Hartford 159} 122) 140) 29. 78 29.96, —. 03) 47.3] +0. 6; 70) 28; 56} 24) 1/ 38; 5.92] +2,4) 19/-.---- ----| 12) 7 11] 5.0) 9.7) 
New 106] 74) 153) 29. 84) 29.95) —. 04) 47.2) 0.0; 71} 27) 55) 25 39; 27) 41] 34) 65) 7.17 +3. 6) 12) 7,691) 7| se 30 12 10) 4.9) 7.81 0.0 
Middle Atlantic States 50.1) —1.1 | 4.66) +1.5 | 
97} 102) 115) 29. 86} 29.97) —. 03] 45, 2 —1.6, 71) 27) 54) 21 1) 7; 32} 40} 33} 66) 5,23) +2.8 14, 6,043) s. 32) se 15! 4) 11) 4.9) 14.0) 0.0 
Binghamton --.------- 871] 10| 84) 29.02) 29.97| 44.4! 0.0) 74] 28] 54) 211 3 35) 3.85! +1.6 14 4,922} nw. | Sw 22) 9) 15] 6.5) 10.0) 0.0 
| 314) 414) 454) 29.62) 29.96) —. 04] 48.1) —1.3) 71] 27) 56} 26 2 41 26 35| 65) 4.53) +1.2) 914,981) nw. | 66] nw 7; 8) 10) 12) 6.1) 8.0) 0.0 
Harrisburg. .----------- 374] 94] 29. 59) 30.00; —. 02) 49.4) —1.5! 73] 14) 58) 26) 1) 41) 42) 34! 5.15 +2.7 11) 5,341) nw. | 42) nw 20; 12) 6 12) 8.0) 00 
Philadelphia 114} 123) 190) 29. 86} 29.99! —. 02] 51.2} —0. 9) 76) 14 27; 2 43, 26) 43) 34) 56) 5.37) +2.5) 11) 7,264) w. 34) 22) 12! 4! 14) 6.7] 0.0 
| -- 325) 81) 98) 29.62) 29. 98 76| 28] 25, 2) 40, 31) 45) 42) 77) 5.34) +2.1) 11) 3,609) nw. | 28) nw 20) 15, 4.5) 10.0) 00 
34 805) 111) 119) 29. 11) 29. 98) 77 22) 1) 37) 39) 43) 41) 85) 3.30) +0.6| 10) 5,729) nw 36) Sw 22) 9} 9 12) 6.1) 7.0) 0.0 
Atlantic 52} 37] 172) 29.92) 29.98 77| 14| 56} 29) 2) 42) 30 38) 70) 5.39) +2.4 12/14, 267 w 70} ne 1} 12; 9 4.5) T. 10.0 
Cane 17; 13) 49) 30.00) 30. 02 78) 14) 57| 32) 43) 30) 44) 40) 75) 5.60] +2.6) 13] 7,462) nw 38) ne 1} 12} 7| 11] 5.0) 0.3] 0.0 
Sandy Hook--.------- 22) 10) 55) 29.94) 29.96 69} 27| 54) 27; 2) 41) 24) 42) 36) 69) 11,12, 095) W 50) nw. 7; 11) 10) 5.6] 24/00 
64-04 190} 159) 183) 29.78) 29. 98 76| 28) 59} 23; 40) 28 42) 36] 64) 5.99| +2.7) 12) 9,353) nw 50} mW. | 22) 10) 5.2) 0.0 
123} 100) 113) 29. 86} 29. 99 80} 14] 61} 28! 2) 44 27) 45) 37) 62) 5.89) +2.6) 9) 4,648) Ww 28} sw. | 20) 13, 7 10) 5.2, 9.4/0.0 
| 112) 62) 85) 29.88) 30.00 80} 14] 62) 28) 1) 42) 36; 44] 36) 58) 5.39) 9) 5,514) nw 46] nW. | 20) 10) 11; 9) 5.2) 5.0) 0.0 
Cape Henry-...------- 18} 54| 29.97) 29.99 80} 22| 61; 32) 2| 46) 28) 49) 45) 77) 3.95) 0.0 9, 964) Se nw. 1, 6) 10) 5.1) 0.0) 0.0 
Lynchburg... --.------ 681| 153) 188) 29, 25) 29. 99 84] 14) 66) 31) 3) 42) 40, 46) 30) 62) 3.35) +0.2 10) 5,774; W 44) 1. 7) 7) 10, 4.9) T. | 0.0 
| egies 91) 170} 205) 29.91) 30. 01 82} 14] 65) 33) 2) 46) 29, 48) 42) 65) 2.89) —0.9) 10) 9,985) 47| nw. 1| 12| 6} 12) 5.2) 00,00 
| Richmond - ----------- 144) 11} 52) 29. 85) 30.00 82} 14| 65} 27) 3) 43 34 47; 39) 62) 5.11) 41.7) 12) 5, Sw 33] Se. 22; 15 9} 3.8 T. | 0.0 
| Wytheville... 2,304) 49) 55) 27. 62) 30.00 78) 24) 23) 3) 40) 42) 44) 39) 70) 2.83) —0.8) 13) 5,618) w. 6 2) 12} 4.9] T. | 0.0 + 
| South Atlantic States | 72; 4.30) +1.1 | | 4.9 
2,255) 70) 84) 27. 66) 30. 02 77| 24| 64; 24) 3) 43) 38) 46) 40) 68) 3.58) +0.4) 15) 6,888) MW. | 36) Ss. 14) 6) 10 5.0) 0.2) 00 
779| 55) 62) 29. 16} 30.00 85] 25| 70} 29) 2) 48) 32) 5i| 44) 66) 6.78) +3.3| 14) 4,292) SW. | 28) w. 20 11) 9} 10) 5.1) 0.0) 0.0 
11} 11} 50} 29. 99) 30. 00 73] 25) 63) 38) 2) 51) 26) 53) 49) 78) 4.17) —0,2) 11/11, 553) SW. | 54) nw. 1) 13} 9} 4.3) 0.0, 0.0 
103) 110} 29. 60) 30. 00 86| 25! 69} 31) 2) 47 33| 51] 45) 69) 3.08} —0.4| 9) 6, 516) e. 39) DW 20| 13) 5) 12| 5.0; 00) 0.0 
Wilmington... 78| 81} 91) 29.93} 30. 02 85] 9} 70} 35; 2) 51) 29; 54) 50} 74) 2.20) —0.7| 10) 6,334) SW. | 35) Sw 30) 17) 2) 4.3) 0.0/0.0 
Charleston 48) 11) 92! 29.97) 30.02 86} 71; 41| 2| 57] 28) 54) 5.78| 7/| 8,335) SW. | 4g/e 15) 12} 10) 5.2) 0.0 
Columbia, S. C 351) 41) 57) 29. 63) 30. 01 85} 8| 33) 2 521 51; 73| 6.66] +3.8 12, 5,638) Me. | 31) Sw 15) 2) 13) 4.9] 0.0) 0.0 
711; 10) 55} 29, 26) 30. 03 85| 25| 70} 28) 2) 48 | 13, 7,712) SW 41| Sw 30, 13) 6) 11) 5.1) 0.0) 0.0 
Greenville, 8. C__._--- 1,039} 113} 122} 28. 90} 29. 99 84) 25) 69} 31 2 48} 31) 51] 46 13, 7, 493) ne 48) SW 30, 12) 7) 11) 5.0, 6.0/0.0 
180 29. 81} 30. 00 85| 25| 74) 35, 53| 57| 52] 71] 3.93; +04) 4,520] nw. | sw 30| 14, 6! 10) 4.6) 0.0/0.0 
65) 150} 194) 29. 95} 30. 02 84| 74; 40) 2) 57) 27; 58) 54) 75) 3.87) +0.9) 6) 8,683) SW. | 38] nw 1} 6, 10) 4.8) 0.0) 0.0 
43 29. 97} 30. 02 83) 22) 76) 44 2 60; 24 56| 74) 3.00) +0.3) 8 8,793) SW. | 54) Sw 9 12) 9! 5.6) 0.0/0.6 
Florida Peninsula | 77| 1.72| 
West... 22} 10) 64/ 29.97) 29.99 87| 30) 83} 67; 7| 73} 14) 71] 68) 75) 0.19] —1.1] 3 6,745) Se 36| 0. 15} 21) 8 11/28 00 0.0 
25, 71) 79} 30.00) 30. 02 89] 12) 26 68; 20, 68| 66} 75, 3.40) +0.1 6, 5, 638) & 26| @. 4; 7| 12 11) 5.6! 0.0) 0.0 
Key... 23 72} 29. 98} 30. 01 84) 30) 78) 67; 7| 9 71) 69) 82) 1) 8, 653) Se 38) 15} 20} 3.3) 00) 0.0 
35) 79) 29. 98) 30. 02 88| 17) 81; 53; 3) 64) 24) 65) 61) 75) 1.56) —0.3 8 4, 465) ne 28) Sw. | 11/ 11) 11) 8! 5.3) 0010.0 
East Gulf States 2 73| 5.32) +1.2 | 5.8 ¥ 
1, 174; 190} 216! 28. 78} 30.02} —. 01} 59.2) —1. 8} 83} 25) 68} 29) 2) 50; 26) 53) 48} 7.76) +4.1) 12) 8,741) DW 46) nw. 1} 11) 6 13| 5.5) 0.0) 0.0 
78] 87) 29.62) 30.01) —. 02} 62.8) —1. 1) 86| 25| 74 33) 2) 52) 36) 55] 49] 66) 5.40) +2.0) 11) 4,574) DW DW. 1} 9 6 15) 6.0) 0.0) 0.0 
Thomasville 49} 58, 29.72] 30.01) —. 02° 67.4] +0. 7} 87] 26) 78) 39) 2) 57) 29° 59) 68) 5.06) +1.4) 3.455) SW 24) Sw. | 30) 9 13/61) 0.0 
Apalachicola 36) 42) 49] 29.97) 30. 01)_.____ 66, 79| 22} 72) 45} 61) 19] 62) 59} 5,609) SW 38} Se 4 13/10) 7) 4.8) 0.0/0.0 
Pensacola 56) 149} 185) 29. 95) 30.01) —. 01) 65.9) —O. 8) 83) 22) 71) 40° 1) 61) 21) 61) 59 83) 4.26) +1.1) 9,072 S. 47| SW 30} 5} 10) 15) 6.3! 0. 0) 0.0 
741; 57) 29, 24).30.03) 00} 60.2) —0. 2) 85) 25) 71/29) 2) 49) 6.34] +2.7| 13) 4,084) Se. 23) SW 30| 12} 5.1) 0.0) 0.0 
Birmingham 11} 48) 29, 26} 30.02} 00} 62.0' —1. 3) 84! 25) 72' 30) 2) 52) 31) 53) 47) 65) 5.62) +2.0) 12) 5,166, 2. 27| 8 29, 11) 10, 9) 5.0) 0. 0| 0.0 
57| 125) 161) 29. 95) 30.01) —. 01) 66.6 +0. 4) 84) 22) 74) 38, 1; 59) 23) 61) 58; 80) 4.10; —0.2) 8 7,058) S. 38] Se 4, 6| 12 00) 00 
Montgomery. 223] 100} 112} 29. 76) 30.02} —. 64.6 —O.7| 85} 26) 74) 36) 2] 55) 28) 57) 51 6.18! +1.9) 10, 4,759) SW. | 32) sw 30} 13) 6.0) 0.0) 00 
Meridian. 375] 85 29. 60} 30.00) —. 02) 63.4 —0. 6) 86) 16) 73, 33) 2] 33) 56) 51 6.95 +1.9} 10: 4,016) Ne. 26| 30) 8/11) 11, 6.0) 0.0) 0.0 
247| +65) 74) 29.73) 30.01) +. 01) 65.3 —0.3) 86) 16) 74) 35 1) 56! 26) 58) 53) 73) 3.75 —1.4) 12 4,949) Se W. 29) 6| 8 16 6.3) 0.0) 0.0 
New Orleans........-- 53} 76} 84! 29.95} 30.00} 00) 69.1 +0. 3) 85) 15) 77) 42) 1| 22) 63) 60, 78} 3.10 —1.8| 8 4,857 se 28) ne. 5 1) 14} 6.2) 0.0) 0.0 
| 
West Gulf States | 65.6 —0.2 74) 3.27 -0.2 | 
| 
29.70} 29.97) .00) 65.4 —0.4 38! 1] 56) 29) 58) 53; 70) 2.87) —1.7 9 5, 249) S. 32) s. 11) 11) 5.1) 0.0) 0.0 
29. 29.93) —.03} 61.8 0.0 31) 1) 51) 36) 53) 45) 61) 7.57) +3.7/ 7) 6,551) 45| nw. | 29) 11/10 9) 5.4) 0.0) 0.0 
29. 59] 29.96) — 62.6 +0. 5) 31) 1) 53) 32) 54) 64) 5.43) +0.9) 10 6,923 S. DW. | 25) 10) 9 11 5.6) 00) 0.0 
29. 84] 29. 90)... 48; 1| 66) 25) 66) 64; 82) 2) 6, 635, S- 28] s. 25) 5) 18 7) 5.5) 0.0/0.0 
29. 92} 29.94) —.01) 70.5 —0.4 65, 20] 66) 63) 82) 0.10 —1.7| 2,10, 068, Se. 42) se. 25, 3) 10 17; 7.3) 60) 0.0 
29. 41) 29. 95)... 6, 7, 439) 8. 44, nw. | 29 9) 12) 5.4) 0.0 0.0 
29, 22} 29. 92) —. 02) 65.2 —0.1 36} 1) 54! 35) 56} 51) 65; 2.33) —0.3) 4) 7,719) S- 38) w. 11) 9} 10, 5.0) 0.0! 0.0 
29, 92} 29. 98] +. 01) 67.2, —1.5 1] 63) 16) 62) 88} 1.14 —2.0) 7) 8,152) Se. 48) se. 13) 13) 6.6) 0.0) 00 
29. 46} 29.94). _____ 65. 3}... .. 34) 1) 55 6) 8, 539) S- 51] s. 25) 9) 4 6.0 0.0) 0.0 
29, $2} 29. 68. 8] —0.8 42) 1) 61) 2.67] 8| 5, 866) Se. 31) se. 25| 6| 11) 13) 6.3) 00 
29. 43) 29.96]  .00 65. 2 —0.8 36; 1) 56] 30) 58) 54: 72) 2.66) 6. 6, 206) S- 32) nw. | 29) 14) 91 5.7) GO 
29. 93} 29. 97). 42) 1) 62) 21) 63 84 1. 7| 7,364) se. 36) se. 25; 6) 6! 18] 6.9} 0.0 
29. 21). 29.93} 69.2; +0.2 39) 1) 59} 33) 60 55 3.36, +0.4) 5,955) se. 36| nw. | 26) 8/16) 5.3) 0.0) 00 
29. 36] 29.97] ++. 02} 66.8) —0.7 SB GF]: 3.95} 7,175) se. 34] se. 25} 5) 11| 141 6.3' 0.0) 00 
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Ft.! In. | In. lop | 
4 -| 78) 22) 58! 20] 25! 39 
44 29.93) 00) 4: 9) 68 54) 19) 25) 37 36 
112 29. 98) 4: 3] 69! 30 a 21) 25] 33 34] 23 
56 29.97) 4; 7; 65) 26) 53, 21) 25) 39 35 23 
55 29.99} 44 5} 71) 22) 53' 28) 36 38} 30 
58 29. 96) 44 2) 77} 22) 56! 18] 39 36} 28 
101 29. 93} 39. 5) 70) 23) 51) 12) 26) 28 33] 26 
68 29. 96} 40! | 69) 22) 52) 14) 99 33) 25 
47] 26.0 29.99) | 47. 76) 22) 52° 15] 35] 28 
48} 23. 29. 98) 35; | 60} 22 45) 9} 16) 26 29] 29 
51] 26. 29. 50, | 87| 14 21) 36 40} 30| 
13) 24. 64] 29. 92] +. ga! 4g, | 76] 23) 58 18) 26] 34] 25 
B6) 25. 20! 20. 88! 4g. 80! 14 19) 1) 34) 4s! 
58) 28. 42) 29. 89) — 54. 88) 15 21; 1) 43) 35 
Pl) 27. 34] 29.94) 4/04) 53, | 86) 15 27/ 1) 41) 38) 44] 37] 
28. 47] 29.90) — 03] 56, 85) 15 28) 1) 46) 32; 47] 331 4 
29. 10] 29.93). ag 88 15 
7) 28.65) 29.93) 60. 15 34) 1) 49] 35 43] 6 
61.3 5 
28. 12 29. 91] +. 01) 63.4 21/ 76) 1! 37] 43 
26. 19] 29.90 +. 03) 55, 1] 85} 23) 69 29) 171 41] 41} 45] 38 6 
28. 94! 29. 92) +." a3] 6g, 6! 2) 81) 1) 58} 36. | 
27) 26.85) 57. 85) 20) 72) 27] 1! 421 50) “a5 
| 
| 56.1 42 
} 
| 26. 12} 29. 85) +. 92 61.4 4) 28! 74! 35] 17; 491 401 44 33 
23. 16) 29.84) 00) 23) 58/19} 17) 34/33) 35] 23 48 
23. 27] 29.85! +. 01! 41.9 29; 55) 16) 17/ 28) 40] 331 go 
28. 72! 29.87! 65.0 1] 19 38) 17 45) 50) 
29. 73} 29.88] 01] 67.1 19) 82) 43! 17) 52] 44] 501 36] 
25. 93] 29.95) +. 05 56.3 30 71/30; 16; 42) 41} 42! 31 
48.5 47 bes 
25. 46/ 29.99) +. 02! 49, 0 21) 64) 21/ 16) 34) 39! 37] 94 4 
24.00) 29.90)" 47’ 9). 30 21) 16/ 36) 31) 36, 21) 49 
25. 61] 30.01) +. 05! 30) 64) 12) 46 49} 36) 29] 45 
| 24. 56| 29.90) +. op 21) 61) 16) 31} 42) 37] 98 56 
25. 56] 29.93) +. 22} 59} 28) 15) 34) 39) 27] 45 
25. 29] 29. 86) — op 22) 64] 24) 1/ 38 39) 26) 45 
49 
P6. 30.08) +. 08) 4 21! 58} 20) 15, 31 42) 36) 26) 54 
P7. 17] 30.04) +. 06] 4 29! 62} 24/ 16) 37/38 27| 45 
P9. 26! 30.08) +. 09) 5: 29) 65) 28) 15) 39 
5.41] 29.94)“ 4 22] 58 16) 35 36) 37) 25) 49) 
7. 98) 30.05) +-: 06) 47 27/ 59} 15) 36] 38° 96 48 
8. 99) 30.07) +. 06! 52. 29) 64) 31) 24) 42) 35) 43) 39 47 
| 
49.6) 40.5 | | 72 
p. 95) 30.19) +. 14! 47.6 +0. 1) 76! 26) 52} 37) 14! 44! 44) 41) 62) 
30.16). 45.5)... __| gg 53 32 24| 38) 29) 
04) 30. 17! +. 14) 49.0) —0.4! 74] 96 56) 33) 14) 42) Gal 
30.15) +. 12) 48.8! +0. 1! 76] 96 15) 40) 35). 
+ 05) 30.15) +. 15) 46.01 —0.1/ 65] 25 3] 42 21 92) 4 
00) 30. 16) +. 10) 53.0) 41.9 89) 27; 63/32) 15) 43, 34) 47 66; 0. 
60) 30. 16) +. 09) 53.3) +231 gq 2! 68) 24; 39 47] 45) 37] 63 0. 
56.9) +2. | 64) 0. 
30. 13! +. 49.7] —o. 2} 67] 29) 56 37) 44° 21) 46) 44) gai 
30. 00)....--| 51.8] +1. 21 77] “6! 56 
29. —. 04! 63.6] +4°6] 941 6] 37] 15 38) 50; 35) 42 
29. 98) —. 60.6) +2. 5| 6) 74 41) 4) 47) 38) 51] 44) 61] 
30. 02) —. 03) 57.4) +2. 4] 861 6! 6s 47] 15 29 44) 69 0.3 
30. 02)......| 58 4! +1. 7] 901 71 36} 16) 45) 41)... | |g: 
59.6) +11 0. 
29. 98) —. 01! 62.0! +1. 8! 201 75 34) 51) 41) 55] 
29. 99 00) 60. +1. 0) 88) 19] 68) 47 2) 53! 33) 52) 45) 65| 1.4 
29. 98] —. 01) 59. 4 TO. 9; 80 18) 65) 48] 16) 54! 53} 49) 75] 0.7 
30. 03} ~. 02! 56. 6 19) 67) 37] 49] 43] 6g 0. 3: 
77.3 15; 83 26) 72) 18)... 77 
Pow 01) 81.8) +0.2' 95! 19! go 16) 74 21) 73) 73! 831 3.79 
29.86). 00 81.2) +0.2 89] 17) 86 74 76! 14) 75) 74) 81) 10,85 
29, 86) 43 22) 33 28); 35] 32° 81 


242 MONTHLY WEATHER REVIEW Aprin, 1924 
TaBLe II.—Data furnished by the Canadian Meteorological Service, April, 1924 
| Pressure Temperature of the air Precipitation 
| Altitude 
| a a St | Sea level | | 
mean ation a leve 
Stations sea level, || reduced | reduced Mean Mean Total 
| i to a to — from || mean from maxi- mini- Highest | Lowest Total from snowfall 
| | normal | min. +2] normal | normal 
| | | 
| Feet In. || °F. °F. «p, °F, In. In. In. 
Father Point, Que--_-- . } 20 29. 94 29. 96 +. 03 31.6 —1.6 37.9 25. 3 53 10 2. 32 +0. 74 17.2 
296 29. 62 29. 95 —. 04 36. 1 +1.0 4.9 30. 4 60 12 4. 58 +2. 49 30.5 
Montreal, Que E | 187 29. 71 29. 92 —. 08 41.0 +1.3 47.8 34.3 7 19 6. 10 +3. 86 17.1 
236 29. 68 29. 96 —. 06 41.6 +1.6 50. 6 32. 6 7 15 3. 69 +2. 19 10.0 
285 29. 63 29. 95 —.07 41.4 +1.4 48.6 34. 2 62 20 2. 90 +111 4.1 
Toronto, Ont_____- 379 29. 55 29. 97 —.05 42.8 +2.0 51.0 34.6 66 19 2. 55 +0. 18 3.5 
1, 244 28. 58 29. 93 31.6 —1.4 44.4 18.8 72 —10 0. 92 —0. 33 7.4 
Southampton, Ont____- 656 38.7 0.0 46. 5 | 30.9 40 5 0. 85 —0. 95 2.9 
Parry Sound, Ont____-_- be eal 3! - es & 688 29. 25 29. 95 —.07 38.6 +1.0 48.0 29.3 62 3 2.4 +0. 51 3.9 
644 29. 21 29. 92 35.2 +1.7 41.7| 2&8 51 9 1.52] 28 
ee a, eee 1, 690 28. 06 29. 91 —.10 32. 6 | —3.4 40.9 | 24.3 60 10 | 6. 94 +5. 88 58.9 
og ec ES ah 2,115 27. 62 29. 89 —.10 36. 6 —0.8 46.5 | 26.8 65 12 |] 1.15 +0. 10 8.4 
IU eee 2, 144 27. 57 29. 84 —. 08 44.6 +0. 1 56.3 | 32.9 7 19 | 0. 36 —0. 38 3.4 
ee ey Seen 2, 392 27.32 29. 97 | +.01 38.3 —3.0 50.0 26. 7 68 14 0. 08 —0. 85 0.8 
4, 521 25. 29 29. 96 . 00 35. 7 +0. 4 46.4 25. 1 66 5 1.17 +0. 09 9,1 
nn aa 2, 150 27. 59 29. 90 +. 01 | 37.5 —2.4 48.4 | 26. 6 72 13 0. 63 —0. 25 6.3 
SE Ee, 2a | 1, 45 28. 37 29. 98 . 00 | 34.7 —1.4 46.0 | 23.4 69 6 0. 82 —0.01 8.2 
1, 592 28. 16 29. 92 —. 05 37.7 +0. 5 49.9 | 25. 6 | 74 12 0.15 —0. 32 1.5 
230 29. 89 | 30. 15 +. 14 47.5 +0.7 53.8 | 41.2 70 34 1. 83 —O0. 54 0.0 
LATE REPORTS, MARCH, 1924 
ET Ce | 592 29. 25 29. 91 —<12 | 30. 2 +3.0 36.7 23.6 5 4) 1.10 —1.78 7.7 
a TS ee ee 760 29. 28 30. 15 +. 09 | 23.9 +11.6 33.0 | 14.8 46 2 0. 09 —0. 94 0.9 
Medicine Hat, Alb____- Mh. sedi Roe | 2, 144 27. 62 29. 92 —. 08 | 31.5 +4.0 40.3 | 22.8 52 ll 0. 13 —0. 63 1.3 
Se eae te eee ee | 4, 521 25. 29 30. 00 +. 06 24.9 | +4.7 37.9 | 12.0 47 —5 | 0. 39 —1.02 3.9 
1, 262 28. 74 30. 05 +. 12 | 39.5 +3.4 49.9 29. 2 58 15 | 0. 14 —0. 43 
2, 150 27. 65 30. O1 +. 05 24.5 +0. 3 33. 4 15.7 45 —4 | 1. 42 +0. 70 i4.2 
} 4, 180 25. 59 29. 98 +. 10 25. 0 | —1.1 34.2 | 15.8 41 —2 2. 35 +0. 46 23.5 
| 
SEISMOLOGICAL REPORTS FOR APRIL, 1924 
W. J. Humpureys, Professor in Charge 
{Weather Bureau, Washington, June 3, 1924] 
TABLE 1.—Noninstrumental earthquake reports, April, 1924 
l 
Approxi- | | 
mate . | Approxi- : | 
Approxi- Intensity Number 
Day Station mate Rossi- of Sounds Remarks Observer 
wich latitude tude Forel shocks 
civil | 
CALIFORNIA 
1924 H. m. | wae 
Apr. 2 23 «455 36 38) 121 36 4ca. 1 | Spreckels Sugar Co. 
23 52 | 36 41 | 121 39 3 1 
23 «55 37 12 121 58 5-6 1 cab 
37 15] 121 53 5-6 3 1 | Rumbling.--- Most severe since 1911 
23 «56 37 40; 122 25 4 2 1-2 Felt by 
4 1 55 37 119 2 1 do 
11 6 12 37 40 122 25 2 1 
MONTANA 
9 48 15] 114 30 3 1 1) Rumbling......... J. Grover. 
| WASHINGTON 
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TABLE 2.—Instrumental seismological reports, April, 1924 
Time used: Mean Greenwich, midnight to midnight. Nomenclature: International P 
(For significance of symbols and description of stations, see REVIEW for January, 1924] 
Amplitude | Amplitude : 
Date Phase Time Remarks Date Phase | Time |? | Remarks 
An An | Ag An 
Auvaska. U.S.C. & G. 8. Magnetic Observatory, Sitka District or CotumBia. U.S. Weather Bureau, Washington 
1924 H.m.s8.| Sec. | | Km, 1924 H. m. | Km. 
Mz.-.-.| 14 52 42 Recorded on the eL....| 16 49 .. 
| L.....| 17 46 _. 
Mx.--.| 16 58 17 1924 
@n-..--| 20 20 00 | blesome. 
Ly--..| 20 27 00 |. 
Mg...-; 20 27 07 | 
20 27 00 "400 | | 
| | operating. 
SR2s-| 16 51 
Arizona. U.S.C. & G. 8. Magnetic Observatory, Tucson 
SR2z -| 16 50 42 Mz..__| 20 18 35 
ing traces. 
Pz----| 20 05 13 Observed in mag- 
Meces| US BY leo 
* Trace amplitude. 1924 H.m.s.| Sec. | 
| 
19 receding 24 | 
PRI1_-_| 16 46 58 
Regis College, Denver 
pr. 21 Mexico; good rec- | 
al waves; ma 
* Trace amplitude. : 


108847—244—. 


not be seismic. 


17.2 fs 
30.5 
17.1 ’ 
10.0 
4.1 
3.5 
| 
6.3 
8.2 
1.5 
7.7 
0.9 
1.3 
3.9 
14.2 
B.5 
uy 


244 
ILLINOIS. 
1924 | H.m.s.| Sec. | p 
4 40 25 


MaryLanp. U. 


21 


*Trace amplitude. 


CANAL ZONE. 


Probably two or 
more quakes; 
mostly sinusoi- 


dal, period 16sec. 


S. C. & G. 8. Magnetic Observatory, Cheltenham 


H.m.s.| See. 
16 40 12. 
16 39 54 | Sia 
16 43 02 | 
17 04 31 
17 28 28 | 23 

172740) 
17 3846-0 | *200 
17 28 44 i... 
17 42 | 
20 07 24 | 4] *100 
20 07 40 | 
20 14 18 | ee 


Origin based on L1 
and SR2z. 


No definite max- 
ima. 


Panama Canal, Balboa Heights 


P 


* Trace amplitude. 


Very slight dis- 
turbance, 4:37:44 
to 7:37:44. 


Slight tremors be- 
tween 16:39:34 
and 16:45:00. 


Slight tremors from 
distant disturb- 
ance between 
16:49 and 18:20. 


Slight tremors be- 
tween 20:05:54 
and 20:21:00. 


Observatory, Vieques 


Rico. U. 8S. C. & G. S. Magnetic 


Severe wind tre- 
mors prevailing. 


Origin based on 
Lis and SRor. 


26 
17 42 58 


AAXAAAD 
285558 


SSSSSSSByy 


Felt by many in 
Vieques. Noise 
as of explosion or 
escaping steam, 
according to some 
reports. 
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U. S. Weather Bureau, Chicago—Continued Porto Rico. 
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U. S. C. & G. S. Magnetic Observatory, 
Vieques—Continued 


1924 


Apr. 


22 


VERMONT. 


Felt by a few in 
Vieques. 


U. S. Weather Bureau, Northfield 


Apr. 


14 


21 


CANADA. 


Dominion Observatory, Ottawa 


10 


11 


12 


‘18 


15 


Se 
Ror RS 
RE 


' 


15 51 
9 53 30 


10 05 


10 17 30 


.| 10 46 


(16 25 33) 
(16 39 31) 


HALIFAX 
RECORD 


16 41 48 
16 43 04 
(16 46 51) 


Small. On No. 17 
only. 


Do. 


| On No. 17 only. 


.. Small. True half- 
amplitude _ less 
than one micron. 


| mie. 


quake. 


Small. 


Difficult to read; P 
may be earlier: 
extra phases per- 
haps due to two 
quakes. 


Small. 


Small. 


Small. 


2 
a, 1924 | # | Km. | | 
| 1924 | H.m.s8.| Sec. Km. 
* Fy... | | 
| *100 ee 
|.......-| eL17..| 22 58 .. May not be seis 
| 15 10 00 | Maybe another 
1924 H.m. 8.| Sec. ™. | 
Apr. 13 |........| 1 26 50 | | 14 |..------ 
#2100 LR1__| 18 31 15| 17 
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Canapa. Dominion Observatory, Ottawa—Continued Canapa. Meteorological Service of Canada, Toronto—Continued 
1924 
Apr. 6 : 
21 56 53 | Sinusoidal. 
Small. L -| 22 13 .. N-S component 3 
L17___| 15 40 Small. to dal. 
M17 20 20 30 component not 
| Le nusoida! waves 
of long period. 
j 
Micros. 
9 29 
L 9 42 15 Small 
| 
pee 16 Sinusoidal. to micros and 
oidal L waves of M2....| 17 26 58 Large vibs. cons 
| small and con- M3....| 17 27 23 360 tinued to 18h 
SR2... 4 | stant amplitude. Micros. |_....-- | 16m. 
May be second 16 51 15 Difficult to inter- 
7! 16 59 15 25 | | Preceded by double 
L.....| 17 15 58 
0 | M1....| 17 26 15 
M2....| 17 26 41 
| 18 O1 15 
Canava. Meteorological Service of Canada, Toronto | | Slow waves, small : 
| 
Very small amp. | | 
| | | | | _ not effected. 
| 20 16 23 |....... | MexicoCityrocked 


Bi 
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Ww 


17 54 52 
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Canapva. Meteorological Service of Canada, Victoria. | 


| 


Aprin, 1924 


P not well defined. 


N-S component, 
nothing. 

Slow waves may 
not be seismic. 


Irregular waves, 
small amp. 
Irregular waves. 


E/W component, 
barely effected. 
Sinusoidal. 


Sinusoidal. 


Very slight mark- 
ing. 
Very slight mark- 


Ang. 
Sinusoidal. 


Sinusoidal. 


May be a dual eq. 


Sinusoidal. 


Sinusoidal 


Sinusoidal. 


Sinusoidal off and 
on. 


Long continued 
sinusoidal L 
waves, 
May be 2 or 3 
quakes. 


Sinusoidal. 


N-S component, 
barely effected. 


BEE coo cco 
BESS SSH SES 
S BBR SER 


ooo 


— 
coo 
o 
= 


—) 
o 


16 21 37 
16 34 17 
16 44 55 
17 01 17 
17 02 35 
20 13 15 


21 48 36 
21 51 36 


10 27 18 


N-S component, 
too small to 
measure. 


N-S component, 
too small to 
measure. 


N-S component, 
too small to 
measure. 


N-S component, 
too small to 
measure. 


N-S too small to 
measure. 


Off Philippine Is- 


lands; max. rece 
ord here. 
fre 
] 
I 
N-S component, Ne 
too small to 
measure. 
I 
Feb, 


Canava. Meteorological Service of Canada, Toronto—Continued. 
1924 | | H.m.s.| See. | | | Km. 100 | | | he 
|p | 20 07 08 | Apr 
| a... 18 98 E | | M.---| 
| 22 +4 | 3, 180 z, | 15 | 
} | 18 56 23 E M.... 4/ 640 | 
F 19 24 | N M...-|101421| 12 3 |....--.| 680 
E |__......| M.._-| 22 42 
| 21 23 15 M...- 22 35 00 20 
| M.....| 14 40 56} 20 
| L_....| 9 37 19 20 
I 2 38 | | | | | 
N 21 28 40 | 6, 440 | | | F.....| 
| 
F 7 40 N |........| M....| 10 29 10 780? 4 
| 


t, 


e | 


, rece 


nent, 
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CanaDA. Meteorological Service of Canada, Victoria—Continued. Canapa. Meteorological Service of Canada, Victoria—Continued. 
1924 | H.m.s8.| See. uw | Km 1924 H.m.s8.| Sec. | Km. 
E | 20 20 48 134 | 2,590 | Mexico. N L.....| 10 23 33 
20 20 18 20| 140 |.......| 2,650 | Mexico. 
L.....| 12 08 25 
M..... 18 40 36 
8 36 03 6| 750 
P.....| 8 34 11 
M..... 5 57 06 20 
M.....| 14 25 07 20 
Reports for April, 1924, have not yet been received 
: ° 13 Me 10 57 56 30 12 N-S component 
wom Che ve not visible. 
District oF CotumBiA. Georgetown University, Washington. 14 |........ 
Massacuusetts. Harvard University, Cambridge. 2 47 02 
Missouri. St. Louis University, St. Louis. 
New York. Cornell University, Ithaca; Fordham University, Pp 2 38 27 8 
TABLE 3.—Late reports (instrumental) 
1924y H.m.s.| See. Km. 11 01 21 65 | 6,680 | Kurile Islands. 
11 08 31 12 6, 520 Do. 
Mar. 4 1 41 49 
Costa Rica. 
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